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Because they could not regularly be repro- 
duced, early claims of the propagation of 
measles virus in tissue cultures have not met 
with wide acceptance. However, Enders and 
Peebles(1) reported that an infectious agent 
could be isolated from the throat or blood of 
measles patients and readily grown in cultures 
of human kidney cells. 

It seemed desirable to find other cells in 
which the virus may be propagated since hu- 
man kidneys are not readily available and 
monkey kidney cells, although susceptible, 
frequently carry a latent agent which may 
cause lesions similar to those of measles virus. 
To this end, Dr. George Foley put at our dis- 
posal the KB strain of human epidermoid car- 
cinoma cells, originally isolated by; Dr. Harry 
Eagle(2). These cells grow profusely in a 
relatively simple and well defined medium 
containing 10% horse serum(3,4). 

In tubes to which a suspension of these cells 
were added, confluent sheets of growth were 
seen after 2 or 3 days. At this time, the cells 
were inoculated with the fluid from the 23rd 
passage in human kidney cell cultures of a 
strain (Edmonston) of measles virus(1). 

Daily microscopic examination of the cul- 
tures revealed on the 4th or Sth day, 6 to 10 
areas of “giant cell” or syncytial formation 
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comparable to those described by Enders and 
Peebles(1) in cultures of human renal cells. 
By the following day, however, these “le- 
sions” had fallen off the glass and the clear 
area was quickly overgrown by cells of normal 
appearance. Two to 3 days later, (Fig. 1), 
a second but larger group of giant cells ap- 
peared both in the same areas and elsewhere 
throughout the cell sheet. This process of si- 
multaneous cell destruction and multiplica- 
tion continued until complete destruction of 
the culture by the virus at the end of 5 weeks. 

During this period, culture fluid from the 
fast growing yet infected primary culture was , 
used repeatedly to start subcultures in which 
the same changes were observed and in which 
the cells underwent the same fate as those of 
the primary culture within about the same 
period. Only in the final stages were acido- 
philic inclusion bodies seen in several of the 
cells that were comparable to those described 
as occurring abundantly in normal human and 
monkey renal cells(1). Further evidence that 
these lesions were caused by measles virus 
was afforded by the specific fixation of com- 
plement using as antigens fluids from infected 
cultures in the presence of measles convales- 
cent serum. Only those fluids, however, taken 
from cultures that were inoculated with the 
virus 3 to 4 weeks previously were shown to 
fix complement under these conditions. 


From these observations it is concluded 
that the measles virus may be propagated in 
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the KB strain of human carcinoma cells. 
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Previous studies involving “regenerating” 
liver in rats(1), and the prostate and seminal 
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vesicle tissue of non-castrated and castrated 
rats with and without testosterone treatment 
(2), suggested that there was an increased 
P*? uptake in all of the Schmidt-Thannhauser 
(3) fractions that was associated with cellu- 
lar hypertrophy. Neither of these conditions 
can be considered as a hypertrophy, pure and 
simple, however, since the hypertrophy seen 
in the first 24 hours in regenerating liver is, in 
a sense, a preparative state for an ensuing cel- 
lular hyperplasia in that it occurs prior to the 
appearance of mitosis, while that in the pros- 
tates and seminal vesicles occurred in the 
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presence of actively dividing cells. It was de- 
sirable to study the phosphorus metabolism 
associated with a pure hypertrophy in order 
to determine whether the changes observed to 
occur during cell growth were related to or 
were independent of mitosis. 

When one kidney of an experimental ani- 
mal is surgically removed, the remaining kid- 
ney is observed to undergo compensatory hy- 
pertrophy(4,5). In this case the complicat- 
ing factors mentioned above appear to be ab- 
sent or greatly minimized, and thus this tis- 
sue presents itself as one which might profit- 
ably be studied. 

Experimental. Six male Fisher strain rats, 
3-4 months old, were used in each experi- 
mental group. The animals were maintained 
on a stock diet of Purina laboratory chow and 
water ad libitum before and after unilateral 
nephrectomy. Nephrectomy was accom- 
plished by making a lateral incision about 34 
inches long on the left flank, just below the 
inferior border of the rib cage. The kidney 
was raised from the incision and the adrenal 
gland stripped away and pushed back into the 
cavity. The pedicle of the kidney was li- 
gated, the kidney excised, and the incision 
closed in 2 layers. 

Preliminary experiments(6) were carried 
out to determine the percent increase of the 
intact kidney weight over that of the excised 
kidney at various times following nephrec- 
tomy. The results, calculated on both a 
moist and dry basis, showed that the greatest 
increase in weight of the intact kidney oc- 
curred about the third day, and rate of in- 
crease leveled off at about the seventh day. 
Therefore, the animals were sacrificed either 
3 or 7 days following nephrectomy. Kidneys 
taken from the right side of non-nephrecto- 
mized animals served as controls. 

Four hours after giving each rat a subcu- 
taneous injection of 0.45 yc of radioactive 
phosphorus? per g body weight the animal 
was sacrificed. The abdominal cavity was ex- 
posed, and the intact kidney was perfused 
with ice cold physiological saline in situ via 


+ The radioactive phosphorus used in these experi- 
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the inferior vena cava. The kidney was re- 
moved, cut into small pieces, and homoge- 
nized in 10% trichloroacetic acid containing 
0.4 M MgCl.(7). The phosphorus-contain- 
ing fractions shown in Table I were then pre- 
pared by methods previously described(8,9, 
10). 

One kidney did not provide enough tissue 
for the fractionation described above and also 
for unsaturated fatty acid determinations. 
Therefore, additional groups of control and 
experimental animals were prepared in a man- 
ner identical to that described, and dienoic, 
trienoic, tetraenoic, and pentaenoic acids were 
determined on the perfused kidneys following 
their homogenization in physiological saline 
(11). 

Results. Three days after nephrectomy the 
intact kidneys weighed an average of 10% 
more than those removed; after 7 days they 
weighed 23% more, and after 20 days they 
were 27% heavier than the controls. In- 
creases in the amount of cephalin and lecithin 
in the hypertrophying kidneys were usually 
apparent 7 days after nephrectomy. How- 
ever, there was a decreased P*? uptake by 
these 2 phospholipids 3 days after nephrec- 
tomy, that had returned to the normal (con- 
trol) levels by 7 days (Table I). No changes 
in either amounts of phosphorus or of P®” up- 
take by any of the remaining fractions studied 
were observed either 3 or 7 days after uni- 
lateral nephrectomy (Table I). These re- 
sults, especially those concerning P®? uptake 
by the phospholipid and acid-soluble fractions, 
were in contrast to those seen in the experi- 
ments involving hypertrophying liver 24 hours 
after partial hepatectomy(1) and seminal 
vesicles and prostates of castrated rats fol- 
lowing testosterone treatment(2). 

Samples of all tissues used in the study 
were fixed in Bouin’s solution and prepared 
for histological examination(1). The mitotic 
activity of the kidney 3 and 7 days after ne- 
phrectomy was no greater than that seen in 
organs taken from the unoperated controls. 
While not enough is known to postulate that 
there are biochemically distinct types of hy- 
pertrophy, it seems possible tentatively to 
hypothesize as follows: If a tissue is sub- 
jected to a stimulus capable of eliciting cellu- 
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TABLE I. P*® Uptake and Concentration of Phosphorus in Rat Kidney Undergoing Compen- 
satory Hypertrophy. 


P*uptake* peg P/mgN P*uptake wg P/mg N 


3-day nephrectomy 7-day nephrectomy 


P*” uptake wg P/mg N 


Controls 
Fractions 
Acid-soluble 1706 (79)t 26.7 (1.3) 
Totalphospholipids 488 (18) 29.5 ( .8) 
Cephalin 333 (14) 14.1 ( .4) 
Lecithin 809 (52) 11.5 ( .4) 
Sphingomyelin 93 ( 4) 3.6 ( .1) 


1604 (70) 25.7( .8) 1776 (58) 30.2 (.9) 
501 (15) 30,3 (1.0) 519 (23) 33.1 (.4) 
284 (10) 12.5( .2) 346 (20) 16.1 (.3) 
780 (21) 13.0( .4) 877 (90) 12,9 (.3) 

OT 8h 85K 2) 99( 4) 3.6 (4) 


* Figures for P® uptake are concentration coefficients caleulated as follows: 


Counts/min. in fraction/ug phosphorus in fraction 


Counts/min, injected/ug of body wt 
+ Figures within parentheses are stand. errors of mean values. 


lar growth (hypertrophy) that is accom- 
panied or followed closely by cellular increase 
(hyperplasia), it may be expected to show 
an increased P®? uptake in the fractions iso- 
lated by the Schmidt-Thannhauser procedure. 
If, however, the stimulus elicits cell hypertro- 
phy only, it need not produce a change in the 
rate of uptake of P** in these fractions. 

The changes in the concentrations of the 
unsaturated fatty acids were greater in the 
presence of compensatory hypertrophy of 
kidneys, seen in the present experiments, than 
were observed in the case of liver hypertrophy 
following partial hepatectomy(12). The 
dienoic and tetraenoic acid contents were in- 
creased, and the trienoic and pentaenoic acids 
decreased 3 days after nephrectomy (Table 
Il). By the seventh day the amounts had 
essentially returned to normal. The changes 
observed then, seemed to be associated with 
a cell that was rapidly enlarging in size at 3 
days, rather than with the enlarged cell itself 
(at seven days). It is of interest, and per- 
haps significant, that the compensatory re- 
sponse in the intact kidney 3 days after ne- 


TABLE II. Concentration of Unsaturated Fatty 
Acids in Rat Kidneys Undergoing Compensatory 
Hypertrophy.* 


3-day 7-day 
nephrectomy nephrectomy 
(6 animals) (4 animals) 


Control 
(4 animals) 


Dienoic 94 (4) 112 (6) 86 (2) 
Trienoic¢ 16 (4) 4 (2) 9 (2) 
Tetraenoic 123 (2) 137 (2) 109 (2) 
Pentaenoic 22 (3) 14 (1) 16 (1) 


* ug of unsaturated fatty acid/mg nitrogen. Fig- 
ures in parentheses are stand. errors of the mean 
values. 


phrectomy, whatever its nature, was associ- 
ated with an increase in only those fatty acids 
essential for growth, 7.e., dienoic and tetra- 
enoic acids, and a decrease in trienoic and 
pentaenoic acids. 

Summary. The increased P*? uptake of the 
various phosphorus-containing fractions dur- 
ing hypertrophy in liver and prostatic tissue 
is not exhibited during renal hypertrophy. 
Tt is suggested that the P®” increases seen in 
the liver and prostatic tissue during hyper- 
trophy are associated with subsequent mitotic 
activity found in these tissues. 
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Considerable progress has been made in 
elucidating the pathway of epinephrine bio- 
synthesis by tracer studies. It has been dem- 
onstrated that phenylalanine and tyrosine are 
precursors of epinephrine im vivo(1,2) and 
in vitro(3). Adrenal epinephrine has been 
obtained after injection of C'-3 ,4-dihydroxy- 
phenylalanine and C1+-3,4-dihydroxyphene- 
thylamine into rats(4). Injection into rats 
of C'-methionine labelled in the methyl 
group produced C14-epinephrine in the adrenal 
gland(5). Although indirect evidence has 
been offered(6,7,8), the main evidence for the 
conversion of arterenol to epinephrine is based 
on the experiments of Biilbring(9), who used 
bioassays to measure the increase of epine- 
phrine in adrenal preparations incubated with 
arterenol and methyl donor im vitro. Several 
attempts to repeat Bulbring’s experiments in 
this laboratory gave negative results. The 
present paper reports a search for C'-epine- 
phrine in the adrenals of rats after the intra- 
peritoneal injection of C'*-arterenol. 

Materials and methods. The a-C1-dl- 
arterenol hydrochloride was synthesized by 
Howton, Mead, and Clark(10). Its activity 
was 16 mc per millimole. The sample had de- 
teriorated somewhat on storage and in some 
experiments was purified just before use by 
ion exchange chromatography. A solution of 
8 mg of the impure C™-arterenol in 8 ml 
water was passed onto a column (24 cm long, 
2.4 cm O.D.) of Dowex 50 resin (200-400 
mesh, 8% crosslinked) in the hydrogen form 
in 0.5 N HCl. The column was developed 
with 0.5 N HCl, and fractions of approxi- 
mately 20 ml were collected. The arterenol 
fractions (#83-107) were combined, passed 
through a column of 250 g Dowex | resin in 
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the acetate form (1.5 times the theoretical 
amount) to remove the chloride ions, and lyo- 
philized. Its purity was determined by chro- 
matography on Whatman #1 paper using as 
developing solvent phenol-0.1 NW HCl (85:15 
(wt./vol.)) saturated with SO.. The chro- 
matogram was cut into segments and the ra- 
dioactivity measured in a windowless flow 
counter (Fig. 1). 

Four adult male Long-Evans rats were in- 
jected intraperitoneaily with a-C1-dl-arter- 
enol hydrochloride twice a day for 3 days and 
sacrificed under nembutal anesthesia 24 hours 
after the last injection (Exp. 1 and 2; 2 rats 
per experiment). Six other rats were given 6 
injections at hourly intervals and _ sacrificed 
one hour after the last injection (Exp. 3, 4 
and 5; 2 rats per experiment). The adrenal 
glands were removed and kept frozen until 
used. Adrenals of 2 rats were ground in a 
glass homogenizer with 2 WN acetic acid. This 
suspension was divided into 2 equal parts. 
One part was used for paper chromatography. 
It was evaporated in vacuo at 45°-50° C., and 
the residue extracted with several portions of 
ethanol (total volume, 1.0 ml.) and centri- 
fuged. The supernatant was evaporated to 
less than 0.5 ml with a stream of nitrogen and 
the entire solution spotted on Whatman #1 
paper. The chromatogram was developed 
overnight in the phenol solvent, washed with 
benzene, dried, sprayed with K3Fe(CN).¢ so- 
lution(11), and counted as above. 

The other half of the suspension was used 
for the determination of specific activity after 
clarifying by adjusting to pH 6.5 with 2 NV 
NH,OH and centrifuging. An aliquot of the 
supernatant was assayed for epinephrine by 
a modified Weil-Malherbe proceduret(12). 
To the rest of the extract 15.0 mg of unla- 
belled l-epinephrine (as 27.3 mg of the syn- 
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FIG. 1. Distribution of radioactivity on paper 
chromatogram of gq-C'-dlarterenol before and 
after ion exchange resin treatment. 
thetic bitartrate) was added as carrier. The 


l-epinephrine was crystallized by adjusting 
the solution to pH 8.8 with 2 N NH,OH. The 
precipitate was filtered with suction, washed 
3 times with cold water and once with ethanol, 
plated out, and counted. It was found im- 
possible to separate epinephrine from contam- 
inating radioactive arterenol in control experi- 
ments by a few crystallizations (also reported 
by Udenfriend and Wyngaarden(4)), so a 
method was devised which removed arterenol 
by virtue of its reactivity with pyridoxal-5- 
phosphate(13) (Table I). Sodium pyridoxal- 


TABLE I. Separation of Labelled Arterenol from 
Carrier Epinephrine in Control Experiments. 


Jo 
arterenol 
in epine- 
¢.p.m./mg  phrine 


8100 40 


A. Original mixture 
Crystallized LS 6800 .34 
cs 2x 5500 27 
14 3 4800 24 
Pyridoxal-5-phosphate 1x 325 016 
B. Original mixture 67 033 
Crystallized 1x 42 .021 
Pyridoxal-5-phosphate 1x 3.4 0017 


2x Atal 


.0006 


5-phosphate solution was prepared from 1 mg 
of the calcium salt’ (approximately 60% 
pure) in 0.1 ml of 0.5 M phosphate buffer at 
pH 6.8. The epinephrine sample, which had 
been redissolved in acetic acid and adjusted 
to pH 6.8, was allowed to react with the 
sodium pyridoxal-5-phosphate solution for 30 
minutes at 45°C. Then the epinephrine was 
crystallized, filtered, washed, plated, and 
counted as before. A second incubation and 
crystallization was usually sufficient to obtain 
constant activity. 


§ Obtained from the Merck Institute for Therapeu- 
tic Research, Rahway, N. J. 


TABLE II. Conversion of C-Arterenol to Epine- 


phrine. 
Specifie 
Adrenal activity of 
Total epinephrine adrenal 
Exp. counts + earrier epinephrine 
No. Hr injected (totale.p.m.) (¢.p.m./uM) 
1 72 ISG MOE 683 
2 72t 6 X 10° 955 
3 6 2X10" 239 4,994 
4* 6 ZX 1% 383 23,728 
5* 6 PA Se IMO 285 11,463 


* Arterenol purified by ion exehange resin treat- 
ment. 
t Marsilid, 100 mg/kg inj. daily. 


Results. It can be seen from Table II that 
radioactive arterenol injected into rats was 
converted to adrenal epinephrine. Significant 
labelling of epinephrine occurred even during 
the 6-hour experiments. The chromatographic 
evidence for the presence of radioactive epine- 
phrine is illustrated in Fig. 2, which shows the 
distribution of radioactivity in a typical paper 
chromatogram of the adrenal extract (Exp. 
5). The chromatogram had been sprayed be- 
fore counting and the positions of highest ac- 
tivity were found to correspond exactly with 
the colored spots due to endogenous amines. 

As described by Howton, e¢ al.(10), a con- 
taminant in the radioactive arterenol has an 
Ry corresponding to 3, 4-dihydroxyphene- 
thylamine. The possibility that this contam- 
inant may have been responsible for the ra- 
dioactive epinephrine in the adrenal gland 
does not appear to be likely, since the specific 
activities of adrenal epinephrine in Exp. 4 and 
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ACTIVITY (C.P.M.) 


10 20 
POSITION ON PAPER (cm) 
FIG. 2. Distribution of radioactivity on paper 
chromatogram of adrenal extract from rat inj. 
intraper. with q-C™-dl-arterenol, 
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5 are higher than in Exp. 3 even though the 
contaminant was almost completely removed 
in the purification of the arterenol.' 

These experiments represent the first direct 
evidence that arterenol is converted to epine- 
phrine and completes the reaction sequence 
postulated to lead from phenylalanine to 
epinephrine. 

Summary. C1+-epinephrine has been found 
in the adrenal glands of rats administered 
a-C™-arterenol intraperitoneally. Its pres- 
ence has been demonstrated by paper chroma- 
tography and by isotope dilution using a new 
method, involving reaction with pyridoxal-5- 


phosphate, for separating these catechol- 
amines. 


|| We wish to thank Dr. William Drell who de- 
veloped this method and demonstrated that it com- 
pletely separated arterenol from epinephrine and 
3,4-dihydroxyphenethylamine. Furthermore, a paper 
chromatogram of carrier 3,4-dihydroxyphenethylamine 
hydrochloride which had been recrystallized from a 
solution containing the purified C14-arterenol hydro- 


chloride showed no radioactivity at the Ry of the 
carrier. 
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Studies in these laboratories with endo- 
toxins prepared from various species of Gram- 
negative bacteria, including brucellae, have 
confirmed the observations that these endo- 
toxins cause profound vascular disturbances 
in animals, terminating in collapse and death 
(1,2). More precise measurements with non- 
lethal doses of brucella endotoxin have shown 
that the daily temperature rhythm of mice is 
affected by small amounts of the endotoxin 
(3). The lethal effects of endotoxin in mice 
can be prevented by administration of adrenal 
corticosteroids or chlorpromazine, and _toler- 
ance to lethal doses of endotoxin can be pro- 
duced by administration of sublethal amounts 
of heterologous endotoxins(1,4,5,6). The hy- 
pothermia of mice given brucella endotoxin 
also can be counteracted with added corticos- 
teroid(7). 

The present studies were undertaken to de- 
termine if the polymer, polyvinylpyrrolidone 


(PVP), would protect mice against brucella 
endotoxin. Originally introduced as a plasma 
expander by Hecht and Weese(8), interest 
turned to using PVP as a “detoxifying” agent. 
Toxic substances not usually excreted in the 
urine were reported to be “adsorbed” to PVP 
and excreted as such(9,10,11). PVP not only 
protected animals, but it was described as 
also effective in the treatment of human cases 
of tetanus and of diphtheria(12,13,14). Ac- 
cording to these investigators, the most effec- 
tive form of PVP was incorporated in the 
preparation known as Periston N (PVPN), 
having a smailer molecular weight than the 
original PVP (molecular weights: PVP~ 
100,000, PVPN~12,600). More recently in 
a therapeutic trial on 10 patients with severe 
tetanus, no benefit attributable to PVPN was 
noted(15). Likewise, in mice PVPN given 
3 hours after tetanus toxin was ineffective, but 
it protected when given within one hour after 
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TABLE I. Statistical Analysis of Data Presented 


I Be els 
Mortality rates compared 
v ast 
Compari- Time, 
son No. Stock hr PVPN* xX? P 

1 ABC 24 0 13.73 <.01 
ABC 24 + 

2 ABC 48 0 27.538. <0 
ABC 48 + 

3 DBC 24 0 06- >.32 
DBC 24 + 

4 DBC 48 0 42 >.32 
DBC 48 aL 

5 ABC 24 0 3.09 =.08 
DBC 24 0 

6 ABC 48 0 1.34 SG 
DBC 48 0 

7 ABC 24 a 25.49 <.01 
DBC 24 =f 

8 ABC 48 + 31.02 <=. 0 
DBC 48 + 


*0—=NoPVPNinj. -+ =PVPN inj. 


toxin administration(14). In the present in- 
vestigations PVPN* was tested for a possible 
protective effect against brucella endotoxin, 
the 2 agents being administered concomi- 
tantly. 

Materials and methods. Mice, 5 to 6 weeks 
of age, were used for testing. The mice had 
Purina Fox Chow and tap water ad libitum 
and were kept in an airconditioned room, 
maintained at about 78°F, illuminated by day 
and darkened by night. A first series of ex- 
periments was carried out on hybrids of the 
A and C stocks (ABC mice). Because of 
availability, further experiments were carried 
out on DBC mice, obtained by mating DIF, 
hybrids to the D (dilute brown) stock. As 
the results on DBC mice were found to be at 
variance with those previously obtained on 
ABC mice, a third series of experiments was 
undertaken. The effects of endotoxin in each 
of these additional experiments with and 
without added PVPN were compared alter- 
nately in ABC and DBC mice. A Boivin- 
type of endotoxin made from a smooth cul- 
ture of Brucella melitensis was employed, the 
details for its preparation having been pre- 
sented elsewhere(3). Different lots of endo- 
toxin were employed, the doses averaging 1.5 


* Obtained from Die Farbenwerke Bayer, Leverku - 
sen, Germany. 


mg per 20 g of body weight. But in any 
given experiment the same lot of endotoxin 
was used. A 6% solution of PVPN was used 
in a dose of 0.5 ml per mouse. All injections 
were made into the tail vein. Except for one 
experiment on ABC mice in which it was 
given 5 minutes after the endotoxin, the 
PVPN  was__ introduced simultaneously 
through the’same syringe containing the endo- 
toxin. Mortality rates are reported for 24 
and 48 hours post-injection. The rates at 
these times were representative of the PVPN 
effect recorded in some experiments at shorter 
and longer intervals as well. 

Results. The results of all the experiments 
are summarized in Fig. 1, and a statistical 
analysis of these data is shown in Table I. 
As noted in Fig. 1, a total of 453 ABC mice 
and 350 DBC mice were used in these studies. 
The outstanding and consistent result was 
that ABC mice given endotoxin and PVPN 
survived in significantly larger numbers than 
DBC animals treated in the same manner. 
While PVPN protected ABC mice against the 
lethal action of the endotoxin, this protection 


OO iT necemice 


DBC- mice 


Survival (%) 
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ro) 


48 


24 48 24. 
Hours after injection 


oO Mice receiving i.v. Brucella somatic antigen 
only. ; 

Mice receiving i.v.Brucella somatic antigen 
plus iv. P.V.P.N, 


FIG. 1. Comparative survival rates in populations 
of ABC mice and DBC mice given brucella endo- 
toxin alone, and brucella endotoxin plus Periston 
N (PVPN). No. of mice constituting each treat- 
ment group is shown at bottom of corresponding 
column. F 
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was lacking in the DBC mice, (Fig. 1) from 
the rates recorded at 24 as well as at 48 hours 
after injection of endotoxin. When the num- 
ber of mice comprising these comparative 
studies is taken into consideration, the dif- 
ferences in per cent of survivals are quite sig- 
nificant. That PVPN protected ABC mice 
against endotoxin is supported by the results 
of the statistical analyses given in compari- 
sons 1 and 2 of Table I. 

The data in Fig. 1 also suggest that ABC 
mice may be less susceptible to the endotoxin 
than the DBC mice, and this might account 
for the protection offered to ABC mice by 
PVPN. The differences in survival rates be- 
tween ABC and DBC mice at 24 and 48 
hours after injection are however slight, and 
they are not significant at the 5% level, as 
seen in comparisons 5 and 6 in Table I. This 
slight difference in the susceptibility to the 
endotoxin does not appear to be sufficient to 
explain the large difference between ABC 
and DBC in their response to PVPN. The 
latter difference is analyzed in comparisons 
7 and 8 in Table I, based on survival rates in 
those groups of ABC and DBC given PVPN 
as well as endotoxin. Whether data for sur- 
vival rates at 24 or 48 hours are analyzed, 
the inter-population differences in survival 
rates are significant below 1% (P<0.0005). 

Discussion. These experiments demon- 
strate that PVPN provides protection for 
mice against Brucella endotoxin. PVPN sig- 
nificantly increased survival rates of ABC 
mice when given 5 minutes after endotoxin 
injection, as well as when given in the same 
syringe with the endotoxin. But this protec- 
tion is limited, with populations of ABC mice 
protected, but not DBC mice. Only a single 
injection of PVPN was given in evaluating 
the effect on survival rates. It would be of 
interest to see whether repeated injections of 
PVPN may have more general protective ef- 
fects. In evaluating the effects of polymers 
in animals given endotoxin, two major consid- 
erations must be kept in mind, There exist 
not only intra-species differences in the re- 
sponse to the polymer, as the present experi- 
ments emphasize, but varying results must 
be anticipated when interpreting the differ- 
ences between species of animals. When PVP 


alone is administered to dogs, ‘shock is pro- 
duced(16). Further differences within the 
same species may be forthcoming if there is a 
variation in the molecular weight of the 
polymer. Moreover, under certain experi- 
mental circumstances, related compounds of 
larger molecular weight have been found to 
be harmful in rabbits(17). 

Summary and conclusions. Brucella endo- 
toxin was administered intravenously to 
groups of mice and survival rates were re- 
corded at 24 and 48 hours post-injection. The 
effect of a synthetic polymer on such survival 
rates was evaluated in 2 genetically different 
populations of mice—ABC mice (hybrids of 
the A and C stocks) and DBC mice (obtained 
by mating DIF, hybrids to the D stock). The 
polymer, polyvinylpyrrolidone (PVP) was 
used, in the form of Periston N (PVPN), 
having a molecular weight about 12,600. The 
mortality rates induced by endotoxin were 
modified favorably by PVPN in ABC mice, 
but not in DBC mice. It may be concluded 
that PVPN beneficially influences survival 
from Brucella endotoxin in at least one popu- 
lation of hybrid mice. The observation that 
another population of mice did not gain ap- 
preciable benefit from the same dose of PVPN 
may deserve further studies aimed at eluci- 
dating the mechanisms of host response to 
this agent. 
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Fibrinolytic and Coagulant Activities of Certain Snake Venoms and 


Proteases.* 


(22647) 


PauL DipIsHEIMt AND Jessica H. Lewis. 
Department of Medicine, University of Pittsburgh School of Medicine. 


In a search for an ideal agent for the intra- 
vascular dissolution of thrombi and emboli in 
man, investigators have studied heparin(1,2, 
3), coumarins(4), trypsin(5), chymotrypsin 
(3), streptokinase(6), staphylokinase(7), 
and plasmin(8). Certain snake venoms have 
long been known to be fibrinolytic in vitro. 
In addition, many of these are also known to 
contain other proteins with coagulant, hemo- 
lytic, neurotoxic or other properties which 
would contraindicate their clinical use. A 
survey of available snake venoms was under- 
taken to compare their in vitro lytic actions 
against fibrinogen, fibrin, formed fibrin and 
formed whole blood clots with various other 
proteolytic agents. Coagulant and hemolytic 
properties were also studied. 

Materials. Bovine fibrinogen was a 1% 
solution of Armour’s Fraction I. Human 
fibrinogen was a crude fraction prepared by 
25% saturation of human plasma with am- 
monium sulfate, collection of the precipitate, 
dialysis, and adjustment of the clottable pro- 
tein concentration to 0.5%. Plasmin was a 
spontaneously activated dog serum unglobulin 
fraction(9). Plasminogen was prepared from 
human barium sulfate adsorbed plasma by 
20-fold dilution, adjustment of pH to 5.3, col- 
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ume of 0.85% NaCl equal to 1/10 the orig- 
inal plasma volume. The fibrinogen was re- 
moved as fibrin after addition of a trace of 
thrombin (1 unit/10 ml).  Streptokinase 
(Varidase, supplied through the courtesy of 
Lederle Laboratories) was dissolved in 0.85% 
NaCl to contain 200 units per ml. Uropro- 
tease was prepared from human urine as 
described by Celander and Guest(10). Tryp- 
sin and chymotrypsin (crystalline, courtesy 
Armour Laboratories) were 0.1% solutions in 
0.85% NaCl. Ficin (Delta), bromelain (cour- 
tesy Pineapple Research Institute of Hawaii), 
papain (Worthington), and pepsin (Worth- 
ington) were prepared as 1% solutions in 
0.85% NaCl. Snake venoms (supplied 
through the courtesy of Wyeth and Co.; Ross 
Allen’s Reptile Institute; Burroughs, Well- 
come; and Hynson, Wescott and Dunning, 
Inc.) were dissolved as 1% solutions in 
0.85% NaCl. Stypven (Burroughs, Well- 
come) was used as a 0.2% solution. Throm- 
bin (Thrombin, Topical, Parke Davis) was 
prepared to contain 100 units per ml. 
Methods. Fibrinolysis was estimated by 
observing lysis time in a clot containing 0.2 
ml material to be tested, 0.2 ml fibrinogen, 
0.2 ml borate buffer (pH 7.6) and 0.05 ml 
thrombin. Intimate mixing of the lytic agent 
and fibrin was obtained by a 2-tube mixing 
method(11), in which the fibrinogen and buf- 
fer were poured into the lytic agent and 
thrombin, at zero time, and subsequently 
poured back and forth three times. Formed 
clot lysis. Fibrin: Human fibrinogen clots 
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were prepared by adding 0.05 ml thrombin to 
0.2 ml fibrinogen, mixing and allowing the 
clot to stand 15 min. The clot was freed 
from the tube by a sharp rap and suspended 
in 0.2 ml material plus 0.2 ml buffer. Lysis 
time was measured from time of addition of 
material to time of complete disappearance of 
the clot. Whole blood: 0.2 ml of fresh human 
blood was pipetted into each of a series of 
tubes, clotting and retraction allowed to pro- 
ceed for 1 hour at 37°C and 0.2 ml of the 
test material added. /Fibrinogenolysis was 
tested by incubating 1.0 ml material with 
1.0 ml human fibrinogen and testing at in- 
tervals for residual fibrinogen by adding 0.2 
ml aliquots to 0.05 ml thrombin. The time at 
which no clot formed was taken as the fibrino- 
genolysis time. 

Thrombic activity was measured by deter- 
mining the clotting time after addition of 0.1 
ml material to 0.1 ml human fibrinogen. 
Thromboplastic activity was determined, in 
materials which were not thrombic, by substi- 
tuting 0.1 ml material for thromboplastin in 
a prothrombin time test. Hemolytic and 
hemagglutinating activities were observed in 
tubes containing 0.2 ml material and 0.2 ml 
1% dilution of human whole blood. All pro- 
cedures were carried out at 37°C. 

Results. Actual lysis times observed in the 
various fibrinolytic systems are shown in 
Table I. Venoms of the Crotalus, Bothrops 
and Agkistrodon groups were fibrinolytic, 
while those of the Cobras (crude Cobra, NV. 
naja, N. flava) were not. V. russellii was 
fibrinolytic but inactive against the formed 
clots. Stypven, made from V. russellii, was 
inactive. All of the other agents were fibrino- 
lytic except pepsin, plasminogen alone, and 
streptokinase in the bovine system.  Ficin, 
bromelain and papain were the only ones with 
significant activity in the whole blood clots. 
When trypsin and chymotrypsin were tested 
as 1% rather than 0.1% solutions, no clots 
were formed in the fibrinolytic systems and 
the whole blood clots were lysed in 1 to 2 
hours. 

Inability of some of the preparations to 
lyse whole blood clots might depend upon the 
sensitivity of the enzymes to the serum anti- 
protease present in the whole blood system. 


TABLE I. Fibrinolytie Activities. 


Fibrinolysis Clot lysis 


(nin. ) (min. ) 
Boyine Human Human Human 
fibrin fibrin fibrin blood 
C. basiliscus <i 5 48 180 
C. atrox 3 5 90 62 
C. horridus 5 19 151 480 
C. adamanteus 15 21 280 480 
C. hellerti NC 8 480 480 
C. terrificus 69° > 120 1080 >1080 
B. neuweiditi 4 3 48 68 
B. neuweidti 0.1% > 1080 
B. jararaca 5 4 65 66 
B. atrox 7 i 90 180 
B. alternatus 20 21 155 480 
A, piscivorus 4 8 65 65 
A. mokasen 6 7 65 180 
Crude Cobra S120, >120 >1080 +1080 
N. naja >120 >120 51080 +1080 
N. flava S120" = 120 >1080 >1080 
V. russellii <I 5  >1080 >1080 
*Stypven’0.2% >120 >120 >1080 >1080 
Plasmin (dog) 4 5 148 >1080 
Plasminogen >120 >120 >1080 >1080 
(human ) 
Streptokinase >120 5 142 >1080 
(SK) 
Uroprotease 8 10 92 >1080 
CUR) 
Plasminogen 2 2 57 >1080 
+ SK 
Plasminogen 12 9 84 >1080 
+ UP 
Trypsml % <i alk 25 72 
a 1% <1 Zi 28 >1080 
Chymotrypsinl % 1 1 25 120 
a ENG) al 2 32 1080 
Ficin 5 31 1080 240 
Bromelain <oll 2 280 540 
Papain 2 2 900 160 
Pepsin SSP SSH >1080 >1080 
$120 51080 >1080 


Saline 
Therefore, additional tests were performed by 
incubating the various agents with human se- 
rum and measuring residual lytic activity. 
The active snake venoms, ficin, bromelain and 
papain were inhibited far less than plasmin, 
uroprotease, and _ streptokinase-plasminogen. 
Trypsin and chymotrypsin showed variable 
activity: either increased or decreased, de- 
pending upon time of incubation and strengths 
of serum and enzyme, suggesting that two 
processes were occurring simultaneously: in- 
hibition and activation of the serum _plas- 
minogen. 

Thrombic activity, 7.e. ability to gel fibrin- 
ogen, was found in 8 venoms and papain 
(Table IL). Only trypsin, V. russellii, and 
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TABLE II. Toxie Activities. 


Thrombo- Fibrino- 
Thrombie plastic genolytic Hemagglu- 
Agent (sec. ) (see. ) (min.) Hemolytie  tinating 

C. basiliscus >600 >600 5 0. 0 
C. atrox >600 >600 5 0 + 
C. horridus 21.0 — — 0 0 
C. adamanteus 10.0 — — 0 0 
C. hellerti 45.0 — — 0 0 
C. terrificus 16.6 — = 0 0 
B,. neuweidit 10.8 — — 0 + 
B. jararaca 18.4 — — 0 0 
B. atrou ate: — — 0 0 
B. alternatus 21.4 — — 0 0 
A. piscivorus >600 >600 15 0 + 
A. mokasen >600 >600 10 0 + 
Crude cobra >600 >600 10 ob 0 
N. naja >600 >600 10 + 0 
N. flava >600 >600 5 + 0 
V. russellit >600 30 25 0 0 
“*Stypven’’ >600 19.0 >60 0 0 
Plasmin (dog) >600 100 >60 0 0 
Plasminogen (human) >600 56.5 >60 0 0 
Streptokinase (SK) > 600 100 26 0 0 
Uroprotease (UP) >600 100 >60 0 0 
Plasminogen + SK >600 100 25 0 0 

+ UP >600 100 60 0 0 
Trypsin .1% >600 12.8 <i 0 0 
Chymotrypsin .1% >600 68 <\y 0 0 
Ficin >600 63 34 + 0 
Bromelain > 600 >600 15 + 0 
Papain 25.0 — — 0 0 
Pepsin >600 100 >60 + 0 
85% NaCl >600 95 >60 7 0 0 


its derivative Stypven were thromboplastic. 
Certain snake venoms appeared anti-coagu- 
lant, z.e. thromboplastin time longer than that 
of saline. In each case this appeared due to 
fibrinogenolysis. 

All of the snake venoms that could be 
tested (those which were not thrombic) were 
fibrinogenolytic, as were the other fibri- 
nolytic enzymes. The cobra venoms were 
remarkable in being fibrinogenolytic but not 
fibrinolytic. Hemolysis was produced by the 
cobra venoms, ficin, bromelain and pepsin. 
Agelutination of human red cells, seen grossly 
and confirmed microscopically, was caused by 
C, atrox, B. neuweidii, A. piscivorus and A. 
mokasen. 

The possibility that strongly fibrinogeno- 
lytic venoms showing no thrombic activity 
might actually be thrombic as well at a lower 
concentration was investigated. Fibrinogen 
was incubated with various strengths of three 
such venoms (A. mokasen, A. piscivorus, C. 


basiliscus) from 1% down to .00002%, the 
latter figure being far below the concentration 
necessary for fibrinogenolysis to be evident. 
At none of these strengths was thrombic ac- 
tivity apparent. 

Discussion. Fontana, in 1787(12), noted 
the blood to remain fluid in animals dead of 
viper bite. Since then various venoms have 
been found to exhibit various activities on the 
coagulation and fibrinolytic mechanisms(13, 
14,15). Therapeutic use in hemorrhagic dis- 
eases has not been encouraging. Other prop- 
erties of venoms, including hemolysins(16), 
neurotoxins(17) and hyaluronidase(18) have 
been the subject of many investigations. The 
data here presented indicate that a number of 
snake venoms actively lyse human blood clots 
and appear to have a certain theoretical ad- 
vantage over the more common fibrinolytic 
agents in that they are less inhibited by hu- 
man serum antiprotease. However, these ven- 
oms are all either fibrinogenolytic, thrombic, 
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thromboplastic, hemolytic or hemagglutinat- 
ing, thus contraindicating their clinical use 
in crude form. Fractionation of whole ven- 
oms has been reported(19,20) and it seems 
conceivable that a pure fibrinolytic fraction, 
devoid of toxic activities, might be separated 
and prove of therapeutic value. 

Summary. Of the 16 snake venoms studied, 
11 actively lysed human blood clots. How- 
ever, only one of these, C. basiliscus, was de- 
void of thrombic, hemolytic, and hemaggluti- 
nating properties. This venom was fibrino- 
genolytic as well as fibrinolytic. The possible 
therapeutic use of certain venoms as dissolv- 
ing agents for intravascular.clots presents a 
theoretical advantage over most other fibrino- 
lytic agents in that their fibrinolytic activity 
is not readily inhibited by human serum. 
Fractionation of a pure fibrinolytic principle 
may be possible. 
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Effect of Thyroxine on Liver Tyrosine-glutamic Acid Transaminase. (22648) 


GERALD LITWACK.t 
Department of Biochemistry, University of California, Berkeley. 


In the course of studying the effects of dif- 
ferent hormonal states and hormone adminis- 
tration upon activity of several rat liver en- 
zymes it was observed that dietary treatment 
with 1% thyroid for 8 days or more resulted 
in marked inhibition of liver tyrosine oxida- 
tion(1). Furthermore, the degree of inhibi- 
tion was equally significant in normal animals 
and in animals under conditions of varying 
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hormonal state, whereas certain of the other 
enzymes were affected by thyroid only under 
restricted conditions. This suggested a direct 
effect of the hormone* upon the tyrosine oxi- 
dase system. Since low dietary protein de- 
creased activity of homogenate preparations 
(1) and inanition has been reported to en- 
hance tyrosine oxidation in soluble prepara- 
tions(2) this effect was further investigated 


* Reference to thyroxine hormone means thyroxine 
itself or whatever active form to which it may be 
converted. 
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using in vitro technics. 

Methods and materials. Mature Long- 
Evans strain male rats weighing between 200 
and 400 g were used as a source of liver tis- 
sue. The enzyme was prepared by homo- 
genizing fresh, chilled liver with 2 volumes of 
cold 0.14 M KCI and centrifuging at 30,000 
rpm for 45 minutes in a refrigerated Spinco 
centrifuge with a No. 40 rotor. The clear 
supernatant was used as the enzyme prepara- 
tion. Enzyme activity was measured by use 
of an automatic recording Beckman spectro- 
photometer with a thermostat-controlled heat- 
ing chamber at 37°C. Tracings from the re- 
corder measured changes in optical density at 
320 mp» (U: V. Light) which measured ap- 
pearance of the enol form of p-hydroxyphenyl 
pyruvate (HPP) and tautomerization of the 
keto form to the enol form of HPP by tau- 
tomerase(3). Keto HPP shows end absorp- 
tion in U.V. light while the enol form ab- 
sorbs maximally at 300 mp. The transami- 
nase-tautomerase system included: 6 »M ty- 
rosine in phosphate buffer(3), 0.1 ml of 0.1 
M a-keto glutarate at pH 7.0, 1 ml of 0.2 M 
phosphate buffer at pH 7.0, 0.3 ml of soluble 
enzyme preparation (pH 7.0) and water to 
make a total volume of 3.6 ml. The final pH 
of the system was 7.0. The system used to 
measure tautomerase activity included: 6 »M 
keto HPP, pH 6.8, 1.0 ml 0.2 M phosphate 
buffer at pH 7.0, 0.3 ml enzyme and water to 
make 3.6 ml. L-thyroxine was dissolved in 
0.02 N NaOH (pH 8)(4) and was added to 
the system in 0.1 ml and pre-incubated with 
the enzyme for 2 minutes at 25°C before addi- 
tion of substrate, however, this procedure was 
not necessary to obtain the hormone action. 
The reaction was carried out in 1 cm quartz 
cells and the complete system was set to zero 
optical density immediately after the addition 
of the substrate. Either tautomerase or trans- 
aminase-tautomerase activity has been ex- 
pressed as the change in optical density at 
320 my in 10 min. (A O.D. 320 mp/10 min.). 
One ml of the enzyme contained approxi- 
mately 1.8 mg Kjeldahl nitrogen. 

Results. When the fresh enzyme prepara- 
tion was used to measure enol HPP accumula- 
tion with tyrosine as substrate, equilibrium 
enol HPP formation was reached in about 10 


min. Further oxidation of HPP by oxidative 
enzymes could be seen in 20 minutes when 
enol HPP had nearly disappeared. In the 
presence of 10+ M thyroxine the overall reac- 
tion rate was reduced by about 60%. Since 
Knox and Knox(6) have demonstrated that 
the transaminase reaction limited the overall 
rate of the system converting tyrosine to fu- 
marate andacetoacetate and from kinetic 


‘studies of this system measuring QO2(1) it 


appeared that the site of inhibition by thy- 
roxine must be early in the tyrosine metabo- 
lizing sequence. After 48 hours of aging the 
enzyme at 5°C, further oxidation of enol HPP 
could no longer be detected during 60 minutes 
of reaction with tyrosine and a-ketoglutarate 
in the system as substrates. This meant that 
the residual activities were those of trans- 
aminase (E;,) and tautomerase (E.) whose 
activity had not decreased significantly during 
this time: 
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Table I shows the effect of increasing concen- 
trations of thyroxine on coupled transaminase- 


TABLE I. Effect of Increasing Concentrations of 
Thyroxine upon Tyrosine Glutamic Acid Trans- 
aminase-Tautomerase Activity. 


Transaminase- 
Enzyme* L-Thyroxine tautomerase ac- 
concentration concentration tivity (A O.D. 
(mg N) (M) 320 my/10 min.) 
54 — 274 
a OeLOe 121 
TO 075 
2.107% 


051 


* 3 day aged enzyme. 
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TABLE II. Effect of Thyroxine upon Activities of 
Coupled Transaminase-Tautomerase and Tautomer- 
ase. 


Thyroxine Enzyme activ- 
cone. Substrate ity* (A O.D. % in- 
(M) (6 uM) 320 myu/10 min.) hibition 
None L-tyrosine .220 — 
Oise a 082 63 
None keto HPP 330 — 
LOG % 300 9 
* 3 day aged ‘enzyme. : 

tautomerase activity. Since the results 


showed significant effects upon this system it 
was essential to determine which enzyme was 
being inhibited by the hormone. 

Table II shows the effect of added thyrox- 
ine to the coupled enzyme system and also 
upon the tautomerase reaction which could 
be isolated from E; by omitting a-ketoglu- 
tarate from the system and supplying keto 
HPP as substrate. The formation of enol 
HPP was then measured in the aged prepara- 
tion which was free of detectable oxidative 
steps during the experimental period. While 
only a small inhibition of E, activity was 
noted in the presence of thyroxine a large in- 
hibition occurred in the E,E» reaction which 
indicated that the site of thyroxine action oc- 
curred at the transaminase level. In addition, 
this inhibition appeared to be non-competitive 
in nature as determined by the method of 
Ackermann and Potter(5). 

Discussion. ‘The possibility that thyroxine 
may act as an inhibitor of other transaminat- 
ing enzymes is being investigated. The effec- 
tive levels of thyroxine indicate that this re- 
action may be of physiological importance. 
In vivo data(1) on tyrosine oxidation add 
credence to this point. The significance of 


such a mechanism in regard to protein syn- 
thesis is obvious. Previous work with diiodo- 
tyrosine(1) indicates that this substance in- 
hibits at the substrate level (competitive in- 
hibition) while thyroxine is more effective at 
lower concentrations and appears to be bind- 
ing the enzyme (non-competitive inhibition) 
perhaps analogous to thyroglobulin formation. 
Binding of thyroxine has been observed to oc- 
cur in serum by a “thyroxine binding pro- 
tein”(7) presumably of the G; globulin frac- 
tion. A report of im vivo studies and mechan- 
ism of inhibition will appear later. 

Summary. Thyroxine in concentrations as 
low as 5.10°M has been shown to markedly 
inhibit transaminase-tautomerase activity of 
the liver tyrosine oxidase system. The trans- 
aminase enzyme appears to be the most di- 
rectly involved in the inhibition as determined 
by difference studies. 


The author is indebted to Dr. J. B. Neilands for 
the use of his facilities and for stimulating discus- 
sions in the course of the work. 
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Growth and Regeneration of Schistosoma mansoni in vitro.*+ 


(22649) 


ALFRED W. SENFT AND THOMAS H. WELLER. 
Department of Tropical Public Health, Harvard School of Public Health, Harvard University, 
Boston, Mass. 


The development of technics for the culti- 
vation of the parasitic trematodes of man has 
progressed slowly. Studies on the most im- 
portant human pathogens in this group, the 
schistosomes, have dealt primarily with the 
longevity of adult worms under artificial con- 
ditions in media containing serum and with 
attempts to define the constituents of serum 
essential for their survival. Schistosoma ja- 
ponicum has survived in vitro for as long as 
82 days in a rabbit serum medium(1), and 
for almost 5 months in horse serum-Ringer’s 
solution containing washed red cells(2). Ma- 
ture S. mansoni have been maintained for 18 
days in ox serum(3), and for 2 months in 
horse serum(4). Egg production has been re- 
ported in ‘a human serum system(5). With a 
chemically defined medium, a survival time 
for S. mansoni of 5 days has been noted(6). 

Smyth(7) has emphasized that in studies 
on helminths im vitro criteria for demonstra- 
tion of “growth” as contrasted to mere “‘sur- 
vival” need to be developed. In this paper 
we will present evidence that growth of im- 
mature schistosomes maintained im vitro oc- 
curred, as manifested by an increase in size 
and by regeneration of amputated portions 
of certain of the worms. 

Materials and methods. Specimens of im- 
mature S. mansoni were obtained employing 
aseptic technics from the portal system of 
white mice infected percutaneously in our 
laboratory. In addition, schistosomulae were 
recovered from peritoneal washings and from 
washings of liver fragments of mice inocu- 
lated with cercariae by the intraperitoneal 
route; these infected mice were supplied 
through the courtesy of Dr. Henry van der 


* This work was supported in part by a research 
grant (E-1023) from the National Institute of Allergy 
and Infectious Diseases, National Institutes of 
Health, Public Health Service, and in part by a 
grant from the United Fruit Co. 

t We are indebted to Mr. John Carabitses for the 
preparation of the photomicrographs. 


Schalie of the University of Michigan. 

Infected mice were lightly etherized and 
then killed by cervical fracture. The peri- 
toneal cavity was flushed with culture fluid 
(CF) in the case of mice infected by inocula- 
tion. The portal vessels and liver were then 
removed to separate Petri dishes containing 
CF and worms recovered by the teasing apart 
of the tissues under a dissecting microscope. 
Mice that had been infected by the percu- 
taneous route were given 0.4 ml of heparin 
sodium (Liquaemin, Organon) intraperitone- 
ally 5 minutes before being sacrificed. 

The worms were transferred with Pasteur 
pipettes through several changes of fluid and 
then placed singly or in pairs in rubber-stop- 
pered or screw-capped test tubes (15 x 150 
mm) containing 1.4 ml of CF. The culture 
fluid was that used by us for maintenance of 
human cells 7m vitro, with the single omission 
of soybean trypsin inhibitor. It consisted of 
45% bovine amniotic fluid(8), 45% Hanks’ 
balanced salt solution(9), 5% inactivated 
horse serum, and 5% beef embryo extract, 
with penicillin, streptomycin and phenol red 
as described(8). Whenever necessary, the 
pH was adjusted 'to about 7.4 prior to use by 
gassing with 5% COs in air. Cultures were 
maintained in an upright position at 37°C. 
At 2- to 4-day intervals, the CF was with- 
drawn and fresh medium substituted. The 
basic medium was supplemented in certain 
experiments by the addition to each tube at 
weekly intervals of fresh washed mouse red 
blood cells. After each addition, the erythro- 
cytes were left in the cultures for 2 to 4 days 
and then removed. Cells for this purpose 
were obtained from young female white mice; 
such mice were heparinized, sacrificed as de- 
scribed above, and bled from the exposed 
heart. ‘The cells were washed and centrifuged 
3 times in CF. Approximately 0.3 ml of 
packed cells was resuspended in 2.0 ml of me- 
dium and 2 drops of the resulting suspension 
added to each culture. Final concentration 
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of red cells in the culture medium was deter- 
mined to be equivalent to a hematocrit of 3 
to 5. 

All subsequent manipulations of the cul- 
tures, with exception of photographic pro- 
cedures, were carried out in a warm room at 
32°C. The schistosomes were observed daily 
under a compound or dissecting microscope. 
This procedure was facilitated by gently ro- 
tating the culture in an almost horizontal posi- 
tion until the worm adhered to the tube wall 
out of the fluid. Serial camera lucida draw- 
ings were made in order to document changes 
in size. Inasmuch as constant contraction 
and extension of the worms was occurring, 
exact determination of length was difficult. 
Therefore, at each observation period 3 to 6 
outline drawings were made per worm. A 
“map measurer” calibrated by mensuration 
of the projected image of a slide micrometer, 
was run along the axis of each outline. Length 
was arbitrarily derived by averaging sets of 
measurements. Serial drawings of worms less 
than 0.5 mm could not be obtained, since 
worms of this size could not regularly be in- 
duced to adhere to the wall of the culture 
tube. In a number of instances, interval 
photographs were taken. Tracings of these 
photographs were transferred to graph paper 
for calculation of total area as a measurement 
of body growth. Results generally corrobor- 
ated data on length as obtained by multiple 
camera lucida drawings. 

The CF, removed from each-tube at the 
first change of medium, was cultured in thio- 
glycollate broth and on Sabouraud’s agar to 
reveal bacterial or fungal contaminants. 
Similar control cultures were repeated at in- 
tervals. No bacterial contamination was en- 
countered, but growth of a mold resulted in 
loss of 3 worms. 


FIG. 1. Male schistosome (#905) recovered from 
mouse on 16th day of infection and photographed 
on llth day im vitro. Length approx. 2 mm. 


Results. A total of 78 schistosomes was 
studied im vitro for various periods of time. 
Although all worms showed some increase in 
length, irrespective of initial size, the survival 
period zm vitro of worms measuring less than 
0.5 mm was limited. The results of experi- 
ments with schistosomulae recovered from the 
peritoneal cavity of mice 6 to 10 days after 
injection of cercariae are summarized in Table 
I. In this series, erythrocytes were not added 
to the medium. A similar experiment was 
initiated using 11 worms obtained from mice 
on the 16th day of infection. For 2 weeks 
these were maintained in individual cultures 
on CF alone; at that point 5 of the worms 
were given red cells which appeared to in- 
crease activity and prolong slightly their sur- 
vival. Two worms were alive after 35 days 
in culture, at which time the experiment was 
terminated; one, a female (#911) had in- 
creased in length from 0.98 mm to 4.58 mm, 
while the other, a male (#905) had increased 
from 1.52 to 4.08 mm. These schistosomes 
are pictured in Fig. 1 and 2. The results of 
serial measurements on the 16-day-old schis- 
tosomulae are summarized in Table II. 

Immature schistosomes, derived from mice 
30 or more days after percutaneous infection, 


TABLE I. Survival of Schistosomulae In Vitro. 


Time in days 
between infec- 


No. of tion of mice Avg days 
worms andrecovery Original length Final length survival 
ingroup of worms (mm) * ~ (mm) * in vitro 
6 6 .12-.25 .25— .50 3.3 
6 9 15 .50— .75 10.5 
4 10 .25 .75-1.2 10.7 


* Length estimated; serial measurements not done. 
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recovered 


FIG. 2. Female schistosome (#911) 

from mouse on 16th day of infeetion; — photo- 
graphed on 24th day vitro and 24 hr after 
red cells had been added to the medium. Length 


2.4 mm. 


and having an initial length exceeding 1.5 
mm, generally survived for many weeks on 
CF supplemented with red cells. Thus, 40 
trematodes in this category remained alive 
and displayed vigorous feeding activity for 
periods as long as 87 days. Serial measure- 
ments on 3 male worms and | female in this 
group are presented graphically in Fig. 3. 
Accelerated somatic movement and peristaltic 
activity usually followed ingestion of the 
added red cells. After an exposure of 8 to 24 
hours to the erythrocytes, ceca previously al- 
most devoid of pigment would become dis- 
tended with black material; usually such pig- 
ment disappeared within 48 hours following 
the withdrawal of red cells from the system. 

Three pairs of larger worms (3-5 mm), 
each pair consisting of a male and a female, 
were placed in separate tubes. All began to 
copulate im vitro. In one case this attitude 
was maintained for 2 months, while the other 
pairs parted and rejoined at irregular inter- 
vals. No eggs were produced. 

No systematic study was undertaken of the 
ability of schistosomes to regenerate ampu- 
tated portions, but observations were made on 
a limited number of worms accidentally trau- 
matized during recovery procedures. Four 
worms that lacked the posterior %4 to % of 
the body were noted to regenerate the missing 
part im vitro within 10 to 20 days. Ceca, cut 
just proximal to the point of union, were seen 
to unite and form the usual single posterior 
trunk during the regenerative period. In one 
specimen, a large cyst-like bladder developed 
in the regenerating posterior third. Although 


TABLE II. Survival and Growth In Vitro of 16- 


Day Schistosomulae. 


Original Final 
length length % size No. days 
Worm No. (mm)? (mm)* inerease  suryival 
901 1.0 1.23 23 21 
902 94 1.01 ie 26 
904 4(5 61 33 25 
905 1.52 4,08 168 (35) t 
906 3 ei la BED 48 23 
968 67 1.09 63 25 
909 63 87 38 LF 
910 .o4 67 24 aly 
911 98 4,58 367 (35) t 
912 4] O1 49 V7 
913 5S 61 5 17 
* Averages clerived from camera lueida draw- 
ings. 
+ ( ) = alive at end of experiment. 


the excretory system remained imperfect, this 
individual survived during the 75-day obser- 
vation period. Two schistosomes lacking the 
anterior third of the body were observed for 
23 days, during which time there was no no- 
ticeable diminution of activity. 

Discussion. The results of these prelim- 
inary studies indicate that a nutrient medium 
suitable for the cultivation -of mammalian 
cells will also induce growth of S. mansoni in 
vitro as evidenced by an increase in length 
and by the regeneration of somatic amputa- 


tions. That this nutrient system is not opti- 
Growth of S. mansoni in vitro 
7 

50 pe __305A jm), ¢ “ 304 (m) 


LENGTH (MM) 


ie) 20 40 60 
DAYS IN CULTURE 


FIG. 3. Serial measurements derived from camera 
lucida drawings of 4 schistosomes maintained in 
vitro on CE supplemented with red cells. 
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mal is clearly indicated by the limited survival 
periods of the small specimens. The appar- 
ent stimulatory effect of ingested red cells on 
the larger worms requires further investiga- 
tion. It is to be noted that Moore and Me- 
leney(10) have suggested that the defective 
maturation of S. mansoni in the peritoneal 
cavity of the mouse may be a reflection of the 
absence of blood upon which to feed. Al- 
though not yet ideal, the im vitro system here 
described offers a convenient means for the 
direct and prolonged observation of feeding 
schistosomes. The technic should, therefore, 
prove useful for a variety of experimental pur- 
poses, as well as offering a baseline for the de- 
velopment of improved media in the future. 
Summary. Preliminary investigations on 
the growth of Schistosoma mansoni in vitro 
are reported. In a nutrient medium composed 
of bovine amniotic fluid, beef embryo extract, 
and horse serum, schistosomulae generally 
showed evidence of growth. The duration of 
survival was directly related to initial size. 
Worms that initially approximated 1.0 mm or 
greater in length were found to survive many 
weeks in vitro; the survival period of smaller 
schistosomulae was of much shorter duration. 


The addition of red cell suspensions to the 
basic medium was followed by active feeding 
and accelerated somatic movements. Growth 
of the schistosomes iz vitro was manifested 
by increases in length of male worms to a 
maximum of 168%, and of female worms to 
367%, and also by the observed regeneration 
of amputated portions of certain of the worms. 
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Action of Thyroid Hormones on Brain Metabolism of Newborn Rats. 
(22650) 


Jean M. Reiss, Max ReEtss AND AUDREY Wyatt. 
(Introduced by G. S. Gordon.) 
Biochemical and Endocrinological Research Unit (S. W. Regional Hospital Board) 
Barrow Gurney, Nr. Bristol, England. 


Investigations have shown that the metabo- 
lism of the brain is better protected against 
interference, especially of the thyroid hor- 
mone, than other tissues(la). It was re- 
ported(1) that thyrotrophic hormone can in- 
crease the brain oxidation of hypophysecto- 
mised rats, although it can seldom influence 
that of normal adult rats. It seemed that 
after hypophysectomy a regulating mechan- 
ism, which is responsible for the constancy of 
the brain metabolism, is disturbed. During 
the last few years it seemed promising to con- 
tinue these experiments on animals whose an- 


terior pituitary function was not yet fully 
developed. The brain of newborn rats 
seemed also to be particularly interesting 
owing to the extraordinary resistance of these 
animals to anoxaemia which enables them to 
survive in a carbon monoxide atmosphere(2). 

Contrary to previous experiences with adult 
animals these’investigations showed some sig- 
nificant changes after treatment with thyroid 
hormones. 

Methods. Litters of Wistar rats were 5 to 
11 days old at investigation, and weighed 8 
to 20 g each. Each litter was divided equally, 
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TABLE I. O, Consumption of Cerebral Cortex of Newborn Rats after Thyroxine Treatment. 


Controls (saline treated) 


————— Thyroxine treated animals —_____,_ 


Avg O, con- Thyroxine treatment Avg O, con- % differ- 
sumption/ No. of sumption/ ences as 
hr/100 mg single hr/100mg compared 

Litter Agein No.of fresh tissue, No. of Total daily freshtissue, with con- 
No. days animals mm*+8.D. animals dose,mg doses mm*+§.D. trols 
I 8 4 81.5 + 5.5 4 15 Heal 84.7 + 7.5 + 3.9 
II uf 6 76.5 + 7.0 6 15 1 SOLE O18 +12.7* 
Til 8 4 84.0 + 3.7 5 15 aXe 93.6 = 9.7 +11.4 
IV 9 4 89.5 + 5.7 4 15 2 Cera ey! +10.8* 
Vv 8 4 78.0 + 4.1 5 15 3 91.2 + 6.5 +16.9+ 
VI 8 6 97.2 + 2.6 6 25 3 109.8 + 4.7 +13.0t 
VII 9 5 92.2 + 2.4 7 25 5 102.1 + 6.8 =O an 
VEEL 9 3 88.3 + 2.6 3 .25 5 105.0 + 1.7 +18.9t 
* Significant at P 0.05. t Significant at P 0.01. 


TABLE II, O, Consumption of Cerebral Cortex of Newborn Rats after Treatment with Thyroxine and 
Triiodothyronine. 


.1 mg triiodothyronine, 
daily for 4 days 


Treatment 


control animals .1 mg thyroxine, daily for 4 days 


(saline treated) % differ- % differ- 
mm? O,/hr/ mm*O,/hr/ ences as mm’ QO,/hr/ ences as 
100 mg fresh 100 mg fresh compared 100 mg fresh compared 
Litter Agein No.of tissue, No. of tissue, with con- No. of tissue, with con- 
No. days animals mean+S.D. animals mean + 8.D. trols animals mean+8.D. trols 
1 10 5 85.2 + 6.3 + 96.8+15.2 +13.5 
2 10 4 83.2 + 4.9 4 1100+ 48 -+832.1* 
354.5 10 U 104.7 + 6.5 6 1148+ 3.1 -+11.0* 7 115.4+8.7 +11.0* 
comb. 
Idem for 6 days 
6 10 2 99.5 + 6.4 2 126.5: = 99.2 +27.1 3 124.0 + 5.6 +24.6t 


* Significant at P 0.01. t Significant at P 0.05. 


TABLE III. O, Consumption of Cerebral Cortex of Newborn Rats after Treatment with Thy- 
rotrophic Hormone. 


Controls (saline treated) |. ——Animals treated with thyrotrophic hormone——, 


Avg O, con- T.S.H. treatment Avg O,con- % differ- 

sumption/ No. of sumption/ ences as 

hr/100 mg single hr/100 mg compared 

Litter Agein No.of fresh tissue, No. of Total daily fresh tissue, with con- 

No. days animals mm*+ §8.D. animals dose,iu. doses mm*+S,.D. trols 

I 8 3 92.7 + 6.0 4 1.6 3 98.5 + 10.1 + 6.3 
II 8 4 91.2 + 4.8 5 1.6 3 96.8+ 6.5 + 6.1 
Tir 8 4 90.7 = 5.2 5 1.6 7 104.64 4.6 +15:3* 


* Significant at P 0.01. 


TABLE IV. O, Consumption of Cerebellum of Newborn Rats after Thyroxine Treatment. 


Controls (saline treated) 


————— Thyroxine treated animals————___,, 


Avg O, con- Thyroxine treatment Avg O, con- % differ- 
sumption/ No. of sumption/ ences as 

hr/100 mg single hr/100 mg compared 

Litter Agein No.of fresh tissue, No.of Total daily fresh tissue, ~ with con- 

No. days animals mm*+§8.D. animals dose,mg doses mm*+S§,D. trols 

I 8 5 133.4 + 15.7 6 25 5 145.8 + 12.6 + 9.3 
Ir 8 a 27. O ated 4 625 5 145.0 + 21.8 +14.2 
Til 11 4 121.7 + 23.6 4 15 3 151.5 + 11.8 +24.5 


Medulla 


% difference as compared with 
controls 
Cortex Cerebellum oblongata 


Medulla 
oblongata 


mean + §.D. 


% dry substance, 
Cerebellum 


Cortex 


No. of 


Thyrotrophic Hormone. 
animals 


Medulla 
oblongata 


% dry substance, mean + §.D. 
Cerebellum 


Cortex 
-———— Control animals, saline treated ————___ _~————_.05 mg thyroxin daily, 3 days ————_,, 


No. of 
animals 


days 


Age in 


TABLE V. % Dry Substance of Cerebral Cortex, Cerebellum and Medulla Oblongata of Newborn Rats Treated with Thyroxine, Triiodothyronine and 
No. 


Litter 
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mbes: oa ea one half receiving daily injections of either 
s eS Cpa aiat pacha thyroxine, thyrotrophic hormone, or triiodo- 
thyronine, and the other, or control half, re- 
SRee ets ee ? Z 
ceiving normal saline. The litters remained 
es OSes with the mother throughout the period of 
aot TS 1616 treatment. The animals were killed by de- 
Gimgipcigh ates circ capitation, the brain quickly removed and, in 
order to expedite the start of the experiment, 
Qwq td ws small tissue snippets were cut with a pair of 
Bene ee esee ris fine eye scissors. These snippets were suf- 
ficiently thin to show the same oxygen con- 
sumption as brain slices, as had been estab- 
a5 Se te is lished in a number of preliminary investiga- 
PAGE EG | et tions. The snippets were weighed on a tor- 
zs ae 2 NY x = ups sion balance with a capacity of 100 mg. 
Bes Sys Ninety to 95 mg of tissue snippets were inves- 
= i tigated in conical Warburg vessels. Krebs 
ets = ai 35S Phosphate Ringer containing 0.2% glucose 
HHH SHH SHH was used as suspension fluid. 
mbt EO ma a Results. In Table I changes in the oxygen 
tisiig “BS 8 dig ; 
7p Uris rs Saar eis ete al eae consumption of the cerebral cortex after thy- 
Ps ° * 
“ = oe roxine treatment are recorded. There seems 
oan . . 
a 3 Qe 6 ag to be some relation between duration of treat- 
et ulag eee Bice aa ment and extent of increase in oxygen con- 
ann BENS Eman . 
Aw gos Goi sumption. 
‘ea hemo lal el g bel | ore 2 we 
a z Table II shows the influence of triiodothy- 
Jae ete Ree aaa es ronine on oxygen consumption, and also a 
L comparison between the action of equal 
weight doses of thyroxine and triiodothyro- 
ee ba ee nine. The experiments show that triiodothy- 
4) 444 4] +] Hal) ronine increases rate of brain respiration m 
AA And nolS newborn rats, but does not permit a conclu- 
OH 16 68 19 Wessrh | : i c 
cSrosl eeertied tit Ay sion that it has, in ‘this case, a greater effect 
Ba than thyroxine. 
st a © a iD ‘ i 
Be i Sel ee The influence of thyrotrophic hormone 
wags ae pi P| (TSH) on the brain cortex of newborn rats 
egw og & is shown in Table III. A dose of TSH which 
ie in 3 doses over 3 days seemed to produce lit- 
We ae 10 tle effect, appeared to produce a larger and 
pos hs Bor) Fase ro nae hod i 
Gear eS ieee a ay statistically significant difference from the 
hos chee ol tes.ca controls when given in 7 doses over 7 days. 
See oda aa. The cerebellum of the newborn rat has 
i= normally a considerably higher oxygen con- 
Bate secs cow | antics, | 04 sumption than that of the cortex. Thyroxine 
3 appears ito raise the oxygen consumption 
| 3 (Table IV). The results however, are not 
SS ane ee ae significant owing to the great scatter in the 
Sh single results. 
xt ra se: Changes in the dry substance content of 
Ais) a af sie = cortex, cerebellum and medulla region were 
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investigated in 40 litters. A few representa- 
tive results are given in Table V. This table 
shows that thyroxine, triiodothyronine and 
thyrotrophic hormone alike increase the dry 
substance content of all brain parts. Triio- 
dothyronine does not appear to have a more 
marked action than thyroxine. 

Discussion. It has been shown in these in- 
vestigations that the oxygen consumption of 
the brain of the newborn rat can be increased 
under the influence of thyroid hormones. 
Thus it is considerably more sensitive to this 
treatment than the brain of the grown-up ani- 
mal. It appears feasible that this action is 
equivalent to an acceleration of a physiologi- 
cal maturation process taking place in the 
brain. It is known(3) that the oxygen con- 
sumption of the brain rises during the first 
weeks of life. 

It would be interesting to know why thy- 
roid hormone acts as described on the brain of 
the newborn animal and not on that of the 
adult. It has been recently shown that the 
blood brain barrier is not yet established in 
newborn rats against glutamic acid(4) or 
Cl*°, or Thiocyanate(5). It would be tempt- 
ing to assume that, similarly, during the first 


few days of life, thyroid substances can more 
easily contact the brain cells, owing to the 
fact that the blood brain barrier is not yet 
fully developed during this time. 

Summary. 1. Thyroxine, triiodothyronine 
and thyrotrophic hormone significantly raise 
the brain oxidation of newborn rats; the dry 
substance content is also raised. These 
changes were fegarded as an acceleration of 
normal maturation processes. 2. It is as- 
sumed that the described action of thyroid 
hormones on the brain of newborn animals is 
due to a still incompletely developed blood 
brain barrier. 
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In vitro Effect of Soybean Phosphatides on Serum Lipoproteins of Normal! 


and Hyperlipemic Subjects.* 


(22651) 


BERNARD A. SACHS AND ETHEL DANIELSON. 
Medical Division, Montefiore Hospital, New York City. 


The oral administration of soybean lecithin 
has previously been reported to lower the se- 
rum cholesterol of man(1) and cholesterol- 
fed rabbits(2). The present study was ini- 
tiated when preliminary experiments revealed 
that incubation of human serum, after addi- 
tion of a fat emulsion prepared for intraven- 
ous administration, caused a shift of lipid 
from beta-globulin to alpha-globulin, as deter- 
mined by paper electrophoresis. Because leci- 
thin was used as a stabilizer in the fat emul- 


* Supported in part by grants from the Lasdon 
Foundation, and the Office of the Surgeon General, 
Department of the Army. 


sion, this phenomenon was investigated fur- 
ther using soybean phosphatides. The effects 
of not only the whole phosphatide complex. 
but also the alcohol-soluble and the alcohol- 
insoluble fraction were investigated. 
Material and methods. 1. Exp. A—Whole 
Phosphatide Complex. A purified extract of 
natural soybean phosphatidest containing ap- 
proximately equal quantities of lecithin, ce- 
phalin and lipositol was used as follows: Five 
mg of soybean phosphatides were dissolved in 
1 or 2 ml of sera from 6 normal subjects in 


+ This compound, Asolectin, was kindly supplied 
by Mr. J. Eichberg of the American Lecithin Co., Inc. 
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Control 


SPHATIDES ON _ 


Phosphatide 


FIG. 1. Effect of incubating the whole phosphatide complex with serum from a normal subject. 
Lipid stain is red; black and white reproduction does not permit good visualization of the faint 
alpha lipoprotein band. 


the post-absorptive state. In a similar man- 
ner, 10 or 20 mg of the phosphatide complex 
were dissolved in the sera of 5 patients with 
hyperlipemia.+ Serum aliquots without added 
phosphatide served as controls. The con- 
trol sera and sera with added phosphatide 
were immediately streaked on filter paper 
strips for electrophoretic analysis, which 
was promptly performed with Flynn and 
deMayo’s modification of Durrum’s ap- 
paratus(3). The serum aliquots of 0.01 or 
0.02 ml were streaked for protein or lipid 
staining respectively. The remaining control 
and experimental sera were incubated at 38°C 
for 24 hours, before being subjected to paper 
electrophoresis. Protein was stained with 
naphthalene black 12B200 and lipid with oil 


} Early in these studies it was found that incuba- 
tion with 5 mg of the phosphatide had no effect on 
migration in markedly hyperlipemic sera. When the 
phosphatide added was increased to 10 or 20 mg, 
changes in lipoprotein similar to that demonstrated 
in the normals were noted. 


red O by technics previously described(4). 
Total lipids were determined gravimetrically 
(4), and lipid phosphorus by a modified 
Fiske-SubbaRow procedure(5) in aliquots of 
serum extracted with Bloor’s reagent (alcohol 
3 parts/anhydrous ether, 1 part). Cholesterol 
was determined by Bloor’s method(6) on the 
total lipid residue. 

2. Exp. B-Alcoholic Fractions of the Phos- 
phatide Complex. ‘The effects of the alcohol- 
soluble fraction of the soybean phosphatides, 
consisting of approximately 24 lecithin and 4% 
cephalin, and the alcohol-insoluble fraction, 
consisting of approximately 24 lipositol and 
1% cephalin, on the serum proteins and lipo- 
proteins of 10 normal and 9 hyperlipemic sub- 
jects were studied. In 1 ml of each normal 
serum, 5 mg of each fraction were separately 
dissolved. Similarly, in 1 ml of each hyper- 
lipemic serum, 10 mg were dissolved. Sam- 
ples of the resulting 4 mixtures and untreated 
control sera then were subjected to electro- 
phoretic analysis both before and after incu- 
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PROTEIN 


BETA 


ALPHA-2 


ALPHA—1 


ALBUMIN 


GAMMA | 


Control Phosphatide 
FIG. 2. Effect of incubating the whole phosphatide complex with serum from a hyperlipemie 
subject. 
bation at 38°C for 24 hours. As in Exp. A, globulin; i.e., there was an increase in the 


all sera were analyzed for total lipid, lipid 
phosphorus and total cholesterol prior to the 
experiment to determine degree of lipemia. 

3. Exp. C—Free Fatty Acids. Free fatty 
acids were determined by the method of 
Grossman et al.(7) in aliquots of 7 sera in- 
cubated without phosphatide or with the al- 
cohol-soluble or the alcohol-insoluble frac- 
tions. As in Exp. A, to 1 ml of each normal 
serum, 5 mg of either phosphatide were added 
whereas 10 mg were added to 1 ml of each of 
2 hyperlipemic sera. 

Results. 1. Exp. A. With the technic 
utilized, the lipid-staining band corresponding 
to beta lipoprotein normally is either associ- 
ated with beta-globulin or is in an area be- 
tween beta and alpha-2 globulin. This pat- 
tern was found in all the unincubated sera 
and in the phosphatide-free controls. How- 
ever, in all of the phosphatide-containing in- 
cubated sera, both normal and hyperlipemic, 
the lipoprotein associated with beta-globulin 
migrated to the region between a-2 and a-1 


migration velocity of beta-lipoprotein. (Fig. 
1 and 2). In addition, in 5 of the 6 normal 
sera and 1 of the 5 hyperlipemic sera there 
was a definite but lesser increase in the migra- 
tion of the lipid-staining band associated with 
a-1 globulin and albumin (alpha-lipoprotein) 
to an area on the strip immediately beyond 
albumin, after incubation with whole phos- 
phatide complex. 

2. Exp. B. The alcohol-soluble fraction 
produced little or no change in the serum 
lipoproteins after incubation. However, in 
all sera tested, incubation with the alcohol- 
insoluble fraction produced an increase in mi- 
gration velocity similar to that demonstrated 
with the whole soybean phosphatide complex 
(Fig. 3). 

3. Exp. C. Incubating sera with either the 
alcohol-soluble fraction or alcohol-insoluble 
fraction was associated with an increase in 
free fatty acid concentration, (Table I). 
However, no consistent differences between 
the 2 fractions on liberation of free fatty acids 
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were observed. here described was utilized to test the effect of 
Discussion. In our previous unpublished a fat emulsion containing 10% sesame oil and 
preliminary investigation the same technic 4.5% dextrose stabilized with lecithin, on 
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FIG. 3. Comparison of effects of incubating the whole phosphatide complex and its 2 alcohol 
fractions on serum from (A) a normolipemie subject and (B) a hyperlipemie subject. 
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TABLE I. In Vitro Effect of Soybean Phospha- 
tide Fractions on Serum Free Fatty Acids. 


—Free fatty acids/ml of .02 N NaOH—\, 
Inecubated serum 


A leohol-sol- 


Aleoholinsol- Untreated 
Serum uble fraction uble fraction control 

Miata wit 12 12 

3 20 27 ait? 
C* 122 27 ailal 
D alle! 3 .05 
E ar ay .07 
F pate Ale .07 
G* 10 Bil} 0 


* Hyperlipemic. 


serum lipids and lipoproteins. The results 
were the same as the present observations 
with soybean phosphatide. As this paper was 
being prepared for publication, the lipid emul- 
sion effect was confirmed im vivo(8). The ob- 
servations on the effect of the lipid emulsion 
and the phosphatides are of particular inter- 
est because of the recent report by Lever and 
Waddell(9) that serum cholesterol falls fol- 
lowing the intravenous administration of a 
fat emulsion, composed of 10% cottonseed oil 
and 1% of the same soybean phosphatide 
used in the present experiments. This prepa- 
ration is the natural phosphatide complex, de- 
rived from soybean and consisting of 
95% phosphatide with lecithin, cephalin, and 
hipositol present in approximately equal con- 
centrations. It has been demonstrated that 
feeding soy lecithin produces significant falls 
in serum cholesterol levels of man(1,11,12), 
of cholesterol-fed rabbits(2) and, if soy ster- 
ols are also fed, of chicks(10). However, 
the effects of soybean phosphatides on serum 
lipoproteins have not been reported. The 
present comparison of the effects of the 2 
fractions of the whole soybean phosphatide 
complex suggests that lipositol is probably the 
compound responsible for producing the lipo- 
protein shift. The alcohol-soluble fraction, 
(consisting of approximately 24 lecithin and 
¥Y cephalin), produced little or no change in 
the serum lipoproteins after incubation. In 
contrast, the alcohol-insoluble fraction (con- 
sisting of 7% lipositol and %, cephalin) pro- 
duced a marked increase in migration velocity 
similar to that demonstrated with the whole 
soybean phosphatide complex. Simple addi- 


tion of the whole phosphatide complex or 
either fraction, without incubation, produced 
little or no increase in the migration velocity. 
Lipositol is a lipid of unknown structural for- 
mula, which, on acid hydrolysis, yields inosi- 
tol, phosphoric acid, oleic acid, saturated fatty 
acids, ethanolamine and tartaric acid. Alka- 
line hydrolysis of this inositol phosphatide 
liberates an amino-reducing carbohydrate, 


~ from which galactose may be obtained after 


mild hydrolysis(13). These effects produced 
by soybean phosphatide on the migration 
rates of serum lipoproteins are similar to those 
produced im vivo by heparin(14) or im vitro 
by “clearing factor” (15). 7” vivo heparinized 
plasma has been reported to cause a release of 
fatty acids from beta lipoproteins(16). Oth- 
ers(15,17) have found that fatty acids in- 
crease the electrophoretic mobility of alpha 
and beta lipoproteins im vitro. Therefore, soy- 
bean phosphatide might be increasing the 
migration velocities of lipoproteins by a simi- 
lar mechanism; 7.e., by liberating fatty acids, 
too. However, the equivalent effects on free 
fatty acids following incubation with the al- 
cohol-soluble as well as the alcohol-insoluble 
fractions suggest that some other mechanism 
must be responsible for the difference in the 
effects on lipoproteins produced by the two 
fractions. i 
Although several investigators(18-21) feel 
that an actual transformation of beta into 
alpha lipoprotein occurs, this position is dis- 
puted by others. Herbst et al. in recent 
studies,(22), which demonstrated that such 
an in vivo transformation does not occur, 
noted a pre-albumin component similar to 
that observed in some of the present sera and 
identified it as alpha lipoprotein. Sera used in 
their studies were obtained from subjects with 
either alimentary or idiopathic hyperlipemia. 
In the present series, the increase in migra- 
tion velocities following soybean phosphatides 
was demonstrated on sera from fasting normo- 
lipemic as well as hyperlipemic patients. 
Conclusions. Incubation of 6 normal and 
5 hyperlipemic sera with a purified extract of 
natural soybean phosphatides produced an in- 
crease in migration velocity of beta lipopro- 
tein, determined. by paper electrophoresis. In 
5 of the normal and one of the hyperlipemic 
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sera increases in the migration velocity of 
alpha lipoprotein also were observed. Incu- 
bation of 10 normal and 9 hyperlipemic sera 
with the alcohol-soluble fraction of the phos- 
phatide complex (which consists of 2% leci- 
thin and % cephalin) produced little or no 
change in the migration velocities of the se- 
rum lipoproteins. Incubation of these sera 
with the alcohol-insoluble fraction, (which 
consists of 2% lipositol and 4 cephalin) pro- 
duced an increase in the migration velocities 
similar to that noted with the whole phospha- 
tide complex. Therefore, lipositol may be the 
compound responsible for ‘tthe change ob- 
served. Determination of free fatty acids 
after incubation with either fraction failed to 
disclose any differential liberation of free 
fatty acids by the two fractions. The mech- 
anism by which the alcohol-insoluble lipositol 
fraction increases the migration velocity of 
beta lipoprotein remains unexplained. 


1. Adlersberg, D., and Sobotka, H. J., J. Mt. Sinai 
Hosp., 1943, v9, 995. 

2. Kesten, H. D., and Silbowitz, R., Proc. Soc. 
Exp. Brov. AnD Mep., 1942, v49, 71. 

3. Flynn, E. V., and deMayo, P., Lancet, 1951, v2, 
235% 

4. Sachs, B. A., Cady, 
Med., 1954, v17, 662. 

5. Fiske, B. H., and SubbaRow, Y., J. Biol. Chem, 
1925, v66, 375. 

6. Bloor, W. R., ibid., 1916, v24, 227. 


P., and Ross, G., Am. J. 


7. Grossman, M. I., Palm, L., Becker, G. H., and 
Moeller, H. C., Proc. Soc. Exp. Biot. AND MeEp., 
1954, v87, 312. 

8. Herbst. F. S. M., Lever, W. F., and Waddell, 
W. R., Science, 1956, v123, 843. 

9. Lever, W. F. and Waddell, 
Dermatol., 1955, v25, 233. 

10. Peterson, D. W., Shneour, E. A., Peek, N. F., 
and Gaffey, H. N., J. Nutrition, 1953, v50, 191. 

11. Steiner, A., and Domanski, B., Proc. Soc. Exp. 
Biov. AnD Mep., 1944, v55, 236. 

12. Pottenger, F. M., Jr., and Krohn, B., Am. J. 
Digest. Dis., 1952, v19, 107. 

13. Deuel, H. J., The Lipids, Interscience Publish- 
ers, 1951, v1, 450. 

14. Rosenberg, I. N., Proc. Soc. Exp. Brot. AnD 
Mep., 1952, v80, 751. 

15. Laurell, S., Scand. J. Clin. and Lab. Invest , 
1955. Vi, 28) 

16. Shore, B., Nichols, A. V., and Freeman, L. W., 
Proc. Soc. Exp. Brov. AnD Mep., 1953, v83, 216. 

17. Gordon, R. S., J. Clin. Invest., 1955, v34, 477. 

18. Boyle, E., Bragdon, J. H., and Brown, R. K., 
Proc. Soc. Exp. Brot. AND MeEp., 1952, v81, 475. 

19. Brown, R. K., Boyle, E., and Anfinsen, C. P., 
J. Biol. Chem., 1953, v204, 423. 

20. Williams, G. R., Biochim. et Biophys. 
1954, v13, 72. 

21. Nikkila, E., Scandinav. J. Clin. and Lab. Invest., 
1953, v5, Suppl. 8. 

22. Herbst, F. S. M., Lever, W. F., Lyons, M. E., 
and Hurley, N. A., J. Clin. Invest., 1955, v34, 581. 


Wise Rey vie Livesets 


Acta, 


v93. 


Received June 12, 1956. P.S.E.B.M., 1956, 


Method for Study of Electrocardicgram of Early Chick Embryo within the 


Shell. 


(22652) 


ABEL A. LAzzARINI, JR.* AND J. WELDON BELLVILLE.t 
(Introduced by L. Corsan Reid.) 


Deparments of Surgery and Surgery (Anesthesiology), New York Hospital. 


The electric activity of isolated heart mus- 
cle of the chick embryo as an organ, or as a 
portion in tissue culture, has been studied by 
a number of investigators(1,2,4,5,6,7,10,11). 


* Present address: New York University Post- 
Graduate Medical School. 

+ Present address: Memorial Hospital, New York 
City. 


Lagen and Sampson(8) employed this prepa- 
ration, and Friedman and Bine(3) dissected 
the embryonic duck heart to study electrocar- 
diographic changes in evaluating drugs. Today, 
isolated muscle from a number of animals is 
used in physiologic and pharmacologic studies 
for standardization of drug action upon the 
myocardium. All these technics involve con- 
siderable trauma and the use of artificial 
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FIG. 1. Schematic drawing of the equipment. 
ing apparatus; 


B—Insulated needle holder with ground connection ; 


A—Connection from microelectrodes to record- 


C—Universal ball type 


joint for needle holder; D—Dissecting microscope objectives; E—Egg air chamber; F—Egg 
holder with water jacket. 


media with loss of spatial orientation of the 
fibers. 

It is the purpose of this paper to describe a 
simple technic for obtaining electrocardio- 
grams of early chick embryos without removal 
from the shell. Observations on the effect of 
drugs or of changes in temperature in such 
preparations can easily be made. The entire 
embryo remains in its natural environment, 
thus more physiological recordings can be ex- 
pected. 

Method. Medium sized Rhode Island eggs 
were incubated from 3 to 18 days at 103°F 
with daily rotations. From these, well devel- 
oped embryos 3 to 16 days old were chosen. 
The eggs were mounted, air chamber on top, 
in a metal egg holder with a circulating water 
jacket (Fig. 1). The shell overlying the air 
sac was first sterilized with a 1% benzolkal- 
ium solution? and then removed, creating a 
window about 2 cm square. The mounted 
egg was placed under a dissecting microscope 
so that the tips of the recording electrodes 
were under direct vision. With incident light 
heart action was observed through the air sac 
membrane. Each electrode consisted of hy- 
podermic stainless steel needles, one inch long, 
gauge #26, cut off at the hub and soldered to 
shielded copper wire. This was mounted in 
a special needle holder with ball joint (Fig. 1) 


¢} Winthrop Laboratories, 
York. 


1450 Broadway, New 


to facilitate application to the selected area. 
The needles were insulated with varnish ex- 
cept for 3 mm at the tip. 


To obtain maximum deflection in record- 
ings from chick embryos 5 days old, electrodes 
were usually applied to the right wing and to 
the anterior wall of the chest. In older em- 
bryos, satisfactory recordings were obtained 
from the right wing, the left thigh or left wing. 
The needles were inserted deeply into the 
muscle and left in position during the period 
of observation. 

When the embryos became quite active, as 
they are after 8 days of incubation, movement 
that interfered with the recordings was con- 
trolled by injection of 3:1000 mg curare or 
similar drugs. 

Recordings were made on a Grass III D 
electroencephalograph by using EKG filter 
setting. The gain was adjusted to obtain a 
tracing of at least 7 mm deflection for the R 
wave. Following each recording, the instru- 
ment was calibrated with a standard value 
for the gain setting used. The recorder paper 
speed was 30 or 60 mm per second. When 
control tracings had been made, the drug to 
be tested was injected into an allantoic vein 
with a Pyrex glass microneedle, made in a De 
Fonbrune microforge and connected to an 
0.01 cc tuberculin syringe. Electrocardio- 
graphic changes were recorded at various in- 
tervals. Throughout each test, a constant or 
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FIG. 2. R wave standard: 40 yvolts. Distance be- 


tween vertical lines: 1/10 see. 


a variable temperature was maintained by 
means of the circulating water jacket to study 
temperature influence on heart action. All 
drug solutions were preheated before injection 
to the same temperature as that of the water 
jacket. 

Results. Examples of the recordings ob- 
tained by this method from embryos at a con- 
stant temperature of 103°F are shown in Fig. 
2, 3, and 4. Fig. 2 represents electrocardio- 
grams of a chicken embryo 3 days old. At 
this age the P wave, the QRS complex and 
T wave are differentiated. The control trac- 
ing had a pulse rate of 240 beats per minute. 
Fig. 3 illustrates the control tracing in a 6- 
day-old chick embryo, and the same prepara- 
tion 5 minutes after an injection of 0.1 cc of 
1:10000 Ouabain (2.5 mg/cc) with heart 
block. Fig. 4 shows the control tracing from a 
16-day-old chicken embryo. The control heart 
rate was 345 beats per minute. Sixty seconds 
after the injection of 0.2 cc of 1:1 billion Isu- 
prel, the rate was 400 beats per minute. 

Discussion. By maintaining~the embryo 
in its natural environment, physiological con- 
ditions are maintained during recording of 
the EKG. The dissecting microscope permits 
correlation of direct heart observation with 
EKG changes. According to Lagen and 
Sampson(8) there is no nerve supply to the 
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FIG. 3. R waves standard: 40 yvolts. Distance be- 
tween vertical lines: 1/5 see. 
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FIG. 4. R wave standard: 100 uvolts. Distance be- 
tween vertical lines: 6/10 sec. 


heart of the chicken embryo until the 6th day. 
Therefore, 3- and 4-day-old embryos provide 
a denervated heart preparation which may be 
valuable in the study of drug action when it 
is desirable to differentiate direct effect on the 
heart muscle. The use of chicken embryos 
within the shell to assay drugs presents defi- 
nite advantages over methods currently em- 
ployed, such as low cost, easy preparation, 
uniformity in quality, and the possibility of 
evaluating minute quantities of cardiac drugs. 
This testing procedure is also a suitable device 
for studying the effects of temperature changes 
upon the heart, and the action of drugs under 
hypothermia, since the time required for cool- 
ing and rewarming the entire chicken embryo 
is considerably less than that needed for 
larger animals. 

Summary. A method for the recording of 
electrocardiograms of the chick embryo with- 
in the shell after 3 to 16 days of incubation is 
described. Early results on evaluation of 
drug action upon the myocardium at different 
temperatures suggest, because of the simpli- 
city and low cost, considerable advantages 
over present technics. 


We wish to express our acknowledgement to Dr. 
J. S. Lieberman who contributed to the design of the 
electronic equipment. 
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Some Observations on Nature of Refractoriness to Histamine Liberators.* 


(22653) 


M. B. SLomKA AND ANDRES GOTH. 
Department of Pharmacology, University of Texas, Southwestern Medical School, Dallas. 


The ability of a variety of agents including 
compound 48/80t to liberate histamine im 
vivo and in vitro has been well established. A 
phenomenon of acute tolerance development 
has been described for many of these agents 
and its mechanism is commonly ascribed to 
depletion of available body histamine stores 
by previous administration of the histamine 
liberator(1). The experiments here reported 
suggest the existence of an alternate mechan- 
ism of production of a refractory state to 
these histamine liberators. 

Methods. Mongrel dogs were anesthetized 
with 33 mg/kg sodium pentobarbital. Ar- 
terial blood pressure was recorded from a 
common carotid artery and injections were 
made into a femoral vein. Serial blood sam- 
ples were withdrawn in heparinized syringes 
from the other femoral vein in those experi- 
ments in which estimations of plasma hista- 
mine were made. Plasma histamine levels 
were determined by direct addition of the 
plasma to segments of guinea pig ileum sus- 
pended in atropinized Tyrode’s solution, the 
contraction height being compared with those 
produced by known amounts of histamine. 
Pharmacologic identification of the stimulat- 
ing agent as histamine was established by the 


* This investigation was supported by research 
grant G-4077 (C) from the National Institutes of 
Health, Public Health Service. 

+ Compound 48/80 is a mixture of the dimers, 
trimers, and tetramers resulting from the condensa- 
tion of N-methylhomoanisylamine and formaldehyde. 
Compound 48/80 was kindly made available to us 
by Dr. E. J. de Beer, The Wellcome Research 
Laboratories, Tuckahoe, N. Y. 


inhibitory effect of Benadryl (final concen- 
tration 1:1x10°). 

Two methods of administration of com- 
pound 48/80 were employed: (A) 200 pg/kg 
compound 48/80 was administered as a sin- 
gle rapid injection. (B) A series of graded 
doses beginning with 1.5 »g/kg and increas- 
ing to 200 ng/kg compound 48/80 was ad- 
ministered by slow injections spaced 10 to 15 
minutes apart (cumulative dose of 596 ng/kg 
over a 3- to 5-hour period). 

Dogs thus treated were challenged with 200 
pg/kg compound 48/80 injected rapidly, and 
in several instances by 0.1 ml/kg of 10% 
Tween 20. 

Results. The precipitous and prolonged 
hypotensive effect of a rapid injection of 200 
ug/kg compound 48/80 in the anesthetized 
dog (Fig. 1) qualitatively agrees with that 


TABLE I. | Plasma Histamine Concentrations be- 
fore and after Administration of Compound 48/80. 


Plasma histamine cone. (ug/ml) 


Sa 
Min. after 200 yg 
per kg compound 


Pre- No. of 48/80 
treatment dogs Control 5 15-30 
None 3 134 .04* 57+ .10 402.05 
596 g/kg,com- 4 Not de- Not de- — 

pound 48/80 tectable§ tectable 


tt 


* Mean + stand. dev. 

+ This amount of compound 48/80 was admin- 
istered over a period of 3-5 hr in a series of graded 
doses ranging from 1.5-200 ywg/kg. 

{ No histamine was detectable in plasma samples 
obtained every 30 min, during this period. 

§ Sensitivity of the histamine assay method is 
estimated to be .05 wg histamine. 
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FIG. 1. Effect of compound 48/80 on blood pressure: 


reported by others(2). An increase in plasma 
histamine concentration was found to occur 
in the early period of hypotension (Table I). 

When the administration of compound 48 / 
80 was modified to a series of graded doses 
ranging from 1.5 to 200 pg/kg, it was possible 
to inject a total of 596 pg/kg over 3 to 5 
hours without producing changes in the blood 
pressure; these animals were subsequently 
refractory to the rapid injection of 200 pg 
ke (Fig. 2). No changes in plasma histamine 
concentration were detectable during the pe- 


FIG, 2. 


was inj. rapidly. 


Effect of compound 48/80 on blood pressure: 
graded dosage schedule by slow injections as follows: At A and B, 1.5; 
6.3; Gand H, 12.5; I and J, 25; K and L, 50; M and N, 100; O, 200 ug/kg. 


At A and B, 200 ug/kg compound 48/80 
was inj. rapidly. Base line signal interval, 1 min.; interval between sections, 69 min. 


riod of administration of the graded doses or 
following the rapid injection of 200 pg/kg 
compound 48/80 in these animals (Table I). 

Tween 20 produced a marked hypotensive 
effect in both groups of 48/80 refractory ani- 
mals. 

Discussion. The development of tolerance 
to the action of histamine liberators has been 
described in a variety of species. Feldberg 
and Paton(3) demonstrated the ability of 
various histamine liberators to deplete tissues 
of virtually all of their available histamine. 


Compound 48/80 was administered in a 

C and D, 3.1; BE and F, 

At P, 200 ne/kg 

3ase line signal interval, 1 min.; interval between successive injections, 5-10 
min, 
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Sufficient histamine is released by compound 
48/80 in. the cat and dog to account for its 
hypotensive action, and refractoriness to this 
compound is associated with its inability to 
liberate more histamine(4). The experiments 
of Feldberg and Talesnik(1) indicate that re- 
fractoriness to compound 48/80 is associated 
with the depletion of available histamine body 
stores by prior administration of the hista- 
mine liberator. Mayeda(5) ‘has demon- 
strated cross-tolerance to the histamine liber- 
ating action of peptone and sinomeminine, 
and Slomka and Goth(6) have demonstrated 
a similar cross-tolerance between compound 
48/80 and several morphinan compounds. 
This cross-tolerance may also be explained 
on the basis of depletion of available hista- 
mine body stores. Indeed, the marked reduc- 
tion in the edema produced by light in por- 
phyrin-treated rats whose skin histamine had 
been markedly depleted by prior administra- 
tion of compound 48/80(1) lends support to 
this hypothesis. Although depletion of avail- 
able histamine stores provides an obvious 
mechanism for the development of tolerance 
to histamine liberators, the results of our ex- 
periments suggest that an alternate mechan- 
ism of inducing a refractory state exists. 
Since no increase in circulating histamine con- 
centrations was detectable during the devel- 
opment of the refractory state to compound 
48/80 with a graded dosage schedule, it ap- 
pears unlikely that a significant amount of 
histamine was liberated, 7.e. enough to ex- 
plain the refractory state by depletion of the 
available histamine body stores. The respon- 
siveness of the cardiovascular systems of such 
48/80 refractory dogs to exogenous histamine 


is unaltered. The ability of the histamine 
liberator Tween 20 to produce its character- 
istic hypotensive effects in 48/80 refractory 
animals further suggests that the depletion 
of available histamine body stores has not 
been accomplished. The ability of compound 
48/80(7) and Tween 20(8) to liberate hista- 
mine from liver mitochondria has been demon- 


estbated se 


Although its mechanism has not been elu- 
cidated, an interpretation of our results sug- 
gest that acute refractoriness to the histamine 
liberator compound 48/80 has been developed 
in dogs by means other than that of depletion 
of available body stores of histamine. 

Summary. The administration of a series 
of graded doses of compound 48/80 produces 
a refractory state to the histamine liberating 
action of this compound. This refractory 
state appears to be effected by a means other 
than that of depletion of available histamine 
body stores. 
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Tissue Distribution of Parenteral Co® Vitamin B,. in Mouse, Hamster, Rat 


and Guinea Pig.* 


(22654) 


A. Mitier,t G. GAutt, J. F. Ross,t anp H. M. Lemon. 
(Introduced by B. S. Walker.) 
Robert Dawson Evans Memorial, Massachusetts Memorial Hospitals, and the Department of 
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Species differences in the tissue distribution 
of parenterally administered Co® vit Bye 
(Co®B,2) have been suggested by recent 
studies. In the rat, the kidneys were found 
to be the main site of Co®B,. localization 
even at a time when urinary excretion was 
absent (1,2,3). In man, the greatest percent- 
age of a parenterally injected dose of Co®By». 
was found in the liver(4). In the chick(5) 
minimal localization of Co®°B,. was found in 
the liver and kidney. In this study paren- 
teral Co®°B,. was administered to hamsters, 
rats, mice and guinea pigs in order to elab- 
orate on possible species differences in its 
tissue distribution. 

Methods. Experimental plan: Eight adult 
male Swiss white mice weighing 25-40 g, 8 
adult hamsters (4 male and 4 female) weigh- 
ing 85-120 g, 7 adult male Sprague-Dawley 
rats weighing 200-230 g, and 4 adult male 
guinea pigs weighing 450-600 g, were sub- 
cutaneously injected under ether anesthesia 
with Co®B,». (secured from Merck and Co., 
Rahway, N.J.). The dose was contained in 
a volume of 1.0 ml, except for mice, where 
0.5 ml was given. The dose injected ranged 
from 0.10 to 0.40 pe of Co®. Mice received 
0.15 pg of Bio, hamsters 0.70 pg, rats 0.30 
pg and guinea pigs 0.26 wg. After injection, 
rats and guinea pigs were housed in metabolic 
cages so as to allow separate urine and stool 
collections. Hamsters were housed in wire 
cages under which 2 thicknesses of Whatman 
filter paper #3 were spread. All stools fell on 
the filter paper while the urine was absorbed 
into the paper. Mice were housed in 2,000 ml 


* This work was supported in part by grants from 
the United States. Public Health Service and the 
Atomic Energy Commission. 

t+ Formerly U. S. Public Health Service Fellow. 
Present address: Boston Veterans Hospital, Boston. 

¢ Present address: University of California Medical 
Center, Los Angeles. 


beakers. The bottoms of the beakers were also 
lined with this filter paper on which urine and 
stools were deposited. Four days after the in- 
jection of the Co® By», animals were anesthe- 
tized, exsanguinated by cardiac puncture, and 
the appropriate organs removed. 
Preparation of specimens for analysis: (a) 
Organs. he liver, kidneys, spleen, heart, 
testes and portions of the hind leg muscula- 
ture were removed and weighed. Organs were 
placed into flasks containing 10 ml of 2N 
NaOH, except for the livers where 20 ml was 
used. The organs were digested in alkali at 
room temperature for 24 hours. Then, if 
necessary, gentle heating for 30 to 60 seconds 
brought the gel-like digest into a liquid state. 
Measurements of radioactivity were made on 
duplicate 4 ml aliquots of these tissue digests. 
The total volume of the tissue digest solution 
was assumed to be equal to 10 ml when organ 
weight was less than 0.75 g as the volume con- 
tributed by the dissolved organ was negligible. 
For heavier organs the total volume of the di- 
gest was measured in a 25 ml graduated cyl- 
inder. (b) Urine, stools, and blood. Inde- 
pendent total urine collections were secured 
for the first 24 hours and for the following 3 
days for the rats and guinea pigs. The total 
urine volume was measured in a 50 ml grad- 
uated cylinder. Radioactivity was deter- 
mined on 4 ml aliquots of urine. For ham- 
sters and mice, the filter paper on which the 
urine had dried was cut into small pieces and 
placed into 134 by 3% inch glass bottles in 
which radioactivity was measured. The radio- 
activity in 4-day stool collections was also de- 
termined in 134 by 3% inch glass bottles. 
One to 4 ml of oxalated blood (hamsters and 
rats were only done) was used for radioactiv- 
ity assay. (c) Carcasses. Mice and hamster 
carcasses were placed into 134 by 3% inch 
glass bottles while the rat carcasses were 
placed into 2% by 6 inch glass bottles. Car- 
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TABLE I. Tissue Distribution and Exeretion of Co®B,, in Mice, Rats, Hamsters and Guinea Pigs. 
Ye Mice — - Rats — Hamsters——-_, ,——Guinea pigs——~ 
% of dose* % of dose % of dose % of dose 
Jo of J of —_—_—- % of ©§ ————— % of 
Organ inj. dose* g wet wt inj. dose  _g wet wt inj. dose  g wet wt inj. dose g wet wt 
Kidney: *6:2:c). 4) 13i0ee 14 -- 16;2:s 259) OME SUON Be ie ate One Oro aL Pig beats 1! rot 
Liver 23.742.5 11.2+1.1 744 4 80 18.0:+: 2:9 6.51 S= 1 29.7 Se Sa eee 
Testes 154 .1 T.0s2 Ta 1.0 =E*0 6+ 0 not done — Of ia = 0) 1+0 
Spleen ne a 17+ .5 6 2 0 6+ 0 3+ 0 8+ 0 2+0 ot 0 
Heart eee cL Ped Ale Berd ell: a ete) Pes 440 6+ 0 2 0 shee 0 
Musele 159+ 9 13+0 13.6+1.1 26 Eat =n Oar rorst 0) not done — 
Careass 26.0 + 2.9 — 34.5 + 4.0 — 43.0 + 3.8 — “ fi — 
Urine 5.9 + 1.8 _— (fee: ae — 14.1 + 1.0 — 2:0 Seiaee — 
Stool 15.5 + 1.8 — 18.5 + 6.2 — Bye ipergs) _ Byes) sll 
Recovery 106.1 100.7 95.1 5 


| ke>) 
; @ 


* Mean and stand. error of mean, 


cass radioactivity measurements were made in 
these bottles. Because of their large size, the 
guinea pig carcasses could not be counted. 
Radioactivity determination: A 1:100 dilu- 
tion of the injected Co®°B,. was made and 
varying aliquots were then used as standards 
for the varying conditions employed in the 
counting of organ digests, excreta and car- 
casses. By adding water as needed, the height 
of the standard in the glass bottles was always 
the same as that of the specimen being 
counted i.e., stools, urine or carcasses. Blood, 
tissue and liquid urine samples were counted 
in a scintillation well-type counter (thallium 
activated sodium iodide scintillation crystal). 
The radioactivity of the organ samples 
usually counted 3-12 times background, ex- 
cept for the muscle, heart, blood and spleen 
which usually counted 1-3 times background. 
Samples were counted long enough to give a 
counting error of less than 2%, except for the 
slow-counting samples where a 5-8% counting 
accuracy was obtained. Duplicate samples 
usually agreed within 1-5%. All samples con- 
tained in the 144 by 3% inch glass bottles 
were counted by placing them on top of the 
above-mentioned sodium iodide well crystal. 
The diameter of these was just ‘about equal 
to that of the diameter of the well. Under 
similar geometry, a standard was _ also 
counted. The 6 inch bottles containing the 
rat carcasses were marked into 3 equal 2 inch 
segments. With the bottle in the horizontal 
position, and directly in contact with a solid 
1 by 1 inch thallium activated sodium iodide 
crystal, each 2 inch segment of the bottle con- 


taining the carcass was counted. Under simi- 

lar geometry the bottle containing the stand- 

ard was counted. 
Calculations. (a) The percent radioactiv- 

ity in organ = 

cpm per ml organ digest x total volume 

digest 


Ste x 100 
cpm injected 

In calculating the total percent uptake in the 
muscle mass, 40% of the animal’s weight was 
assumed to be muscle. For the total percent 
uptake in blood, a blood volume was esti- 
mated based on the figure of 69 ml/kg body 
weight. 

Results. The organ distribution and excre- 
tion of a parenteral dose of Co®By» in the rat, 
guinea pig, mouse and hamster are shown in 
Table I. 

Discussion. In the rat the tissue distribu- 
tion of a parenterally injected dose of Co®°B,» 
was similar to that found by Rosenblum ef al. 
(1). Similar studies on the mouse, hamster 
and guinea pig are not available in the litera- 
ture. Differences in the major organ sites of 
Co®B,» localization were noted in the 4 spe- 
cies studied. In the hamster, guinea pig and 
mouse, the liver was the chief organ of local- 
ization whereas in the rat the kidney was the 
chief site. The high Co°’B,. uptake of the 
rat kidney is probably unrelated to its known 
role in the excretion of large doses of paren- 
terally injected vit B;2(3,6,7), since the dose 
given the rat was comparable to that given 
the other 3 species. Furthermore, the other 
3 species studied had comparable amounts of 
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radioactivity excreted in the urine without an 
increase in kidney Co®°B,. uptake. At the 
time the high rat renal Co®°B,. uptake was 
found, urinary excretion of the radiovitamin 
was negligible making it highly unlikely that 
the Co®°B;j» in the kidneys was there to be ex- 
creted. This is further supported by the ob- 
servations of Harte(2), who found that high 
renal Co®"B,» levels were maintained for as 
long as 90 days after injection despite the 
absence of urinary excretion after the first 
day. It would thus appear that the kidney 
represents an important site of Co®’By,». lo- 
calization in the rat rather than a mere stor- 
age site for further urinary excretion. The 
high Co®°B;». concentration in the liver of the 
mouse, hamster and guinea pig is comparable 
to that found in man after the injection of 
labelled vit B,2(4). The rat, with the chief 
localization of injected Co®’B,, in the kidney, 
is not analogous to man. It would, there- 
fore, appear hazardous to relate to man the 
results of the experiments in the rat. 
Differences in the routes of Co®B,. excre- 
tion were noted in the 4 species studied de- 
spite the administration of comparable 
amounts of vit Bis in relation to body weight. 
The stools were the chief routes of excretion 
in the rat and mouse, whereas the urine was 
the chief excretory pathway in the hamster 
and guinea pig. In previous studies in the rat 
(1,8) the urine was the major excretory path- 
way containing 50-90% of a parenteral dose 
of CoB... These results differ markedly 
from those found in this study and are prob- 
ably due to the large doses of vit By» (4-20 
pg) used in these studies. There is no avail- 
able data on the excretion of parenteral 
CoB,» in the other 3 species studied. The 
present investigation suggests that the stools 
may be an important route for the excretion of 
vit B;» in the rat and mouse. Radioactivity as 
measured in this study merely indicates the 
presence of the Co® moiety of the vit Bro 
molecule. Thus, the radioactivity may be 


due to vit By or to an intermediate degrada- 
tion product of the vitamin. After parenteral 
administration of Co®°B,» to rats, the radioac- 
tivity excreted in the urine was found to be 
due to vit B,2, whereas that in the stool was 
unassociated with vit By. activity(1). The 
radioactivity in the kidneys was found to be 
due to vit By in a similar study(8). It ap- 
pears likely that the radioactivity in the kid- 
neys in this study is due to vit By. How- 
ever, concerning the other organs, this ques- 
tion cannot be answered. 

Summary. The excretion and tissue dis- 
tribution of parenterally administered Co®? 
By. has been studied in the rat, hamster, 
mouse and guinea pig. The liver contained 
more radioactivity than any other organ in 
the hamster, mouse and guinea pig, whereas 
the kidneys contained more radioactivity than 
any other organ in the rat. In the rat and 
mouse, more radioactivity was excreted in the 
stools than in the urine whereas in the guinea 
pig and hamster, the urine was the chief ex- 
cretory pathway. 


The authors wish to acknowledge the technical 
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In the course of microelectrode studies of 


rabbit atria in this laboratory it was noted _ 


that cells in the region of the sino-atrial node 
failed to respond to as high frequencies of 
electrical stimulation as did atrial cells. The 
present study was undertaken to investigate 
this phenomenon by means of simultaneous 
recording of atrial and sino-atrial cell action 
potentials. An effort was made to correlate 
the contractile response with the electrical ac- 
tivity of atrial muscle. 


Methods. Virgin female albino rabbits 
were sacrificed by a blow on the neck and 
quickly exsanguinated. The thorax was 
opened and the entire heart quickly removed 
and dropped into oxygenated Tyrode solution, 
as modified by Hoffman and Suckling(1). In 
this solution, through which oxygen (95%)- 
carbon dioxide (5%) constantly bubbled, the 
combined atria were carefully separated from 
the ventricles and then mounted in a Plexi- 
glas bath containing Tyrode solution. The 
bath was oxygenated through a diffusion dish 
which was incorporated into the chamber. 
The nutrient solution constantly flowed 
through at a rate of 3 cc per minute. The 
right atrial appendage was fastened to 2 sil- 
ver hooks which also served as the stimulating 
electrode. The connective tissue in the septal 
area was secured to the arm of a sensitive 
strain gauge (Grass force displacement 
transducer), and the left atrium was allowed 
to float freely in the chamber. Stimulation 
was applied by means of a Grass Model 3C 
Stimulator. The output was passed through 
an isolation transformer to reduce the shock 
artifact. The signal produced by distortion 
of the strain gauge arm during contraction, 
was fed into a preamplifier, which in turn sup- 
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plied the input to a DC amplifier of a San- 
born 4 channel recorder. Transmembrane 
potentials were determined with two cathode 
follower circuit units(2), using simultane- 
ously 2 glass capillary electrodes with tip dia- 
meters of 0.5 » or less. One electrode was 
used in the atrial myocardium exclusive of 
pacemaker region, while the other was used 
to explore the pacemaker area. Each of these 
circuits was connected to a separate DC am- 
plifier in a Sanborn 4 channel recorder. The 
temperature of the bath was maintained be- 
tween 28-30°C in order to reduce the spon- 
taneous rate, lengthen the duration of the 
action potential and to maintain better con- 
tractility. 

Results. Tracings of typical records ob- 
tained during simultaneous impalement of 
atrial and sino-atrial cells are seen in Fig. 1. 
The dotted line represents the zero potential 
level. Sino-atrial cell firing can be recog- 
nized by the slow diastolic prepotential de- 
velopment as noted in the upper portion of 
the tracings. After a control period, electrical 
stimulation was initiated and maintained for 
1 to 3 seconds. Recovery represents the be- 
ginning of spontaneous activity following 
electrical stimulation. At the 2 frequencies 
depicted (3.75 and 4.6 stimuli per second), 
the atrial cell follows, while the sino-atrial 
cell follows at the lower but not at the higher 
frequency. In general, the amplitude of atrial 
cell action potentials was 90-120 mv, while 
that of sino-atrial cells was lower (50 to 70 
mv). The lower values for sino-atrial cell 
action potentials are in agreement with the 
reports of other investigators working with 
rabbit atria(2) and frog sinus venosus(3,4). 

Fig. 2 summarizes the results obtained on 
frequency of response of atrial and sino-atrial 
cells versus frequency of electrical stimulation 
applied. Blackened circles (sino-atrial re- 
sponses) and open circles (atrial cell re- 
sponses) represent the arithmetic mean of 2 
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CONTROL 


Stim. 3.78/sec, 


SINO-ATRIAL _ 


SPONTANEOUS ATRIAL FLUTTER 


ATRIAL RATE ® 270/min, 


FIG. 1. Simultaneous recording of sino-atrial and atrial cell action potentials during electrical 
stimulation and spontaneous atrial flutter. Dotted line represents zero potential level. Each 
small division represents one mm. Paper speed, 50 mm/sec. 


to 18 determinations. At lower frequencies 
the minimum number of determinations was 
4 to 5, with a maximum at 18, while at higher 
frequencies (8-16 stimuli per second) a mini- 
mum of 2 determinations were made. The 
vertical bars are ranges of responses at any 
one frequency. Inspection of the graph dis- 
closes a linear relationship (1:1) for atrial 
cells at stimulation frequencies as high as 10 
per second. The slope of the line drawn 
through the open circles is unity. Sino-atrial 
cells fail to follow rates as low as 4 per sec- 
ond. Stimulation frequencies beyond this 
point resulted in an integral ratio of atrial to 
sino-atrial cell responses; being 2:1 up to a 
frequency of 7.5 per second, then 3:1 and 4:1 
at higher frequencies. 

A recording taken at a time of spontaneous 
atrial flutter is shown in Fig. 1. There is a 
2:1 ratio between atrial and sino-atrial cell 
firing, a phenomenon which parallels the re- 
sults obtained from electrical stimulation. 

Shown in Fig. 3 are simultaneous record- 
ings of action potentials of an atrial cell and 
the tension developed by the right atrium. 
At the onset of electrical stimulation there 
is a decrease in tension (3rd beat, Fig. 3). 
This has been reported for isolated papillary 
muscle by Gold and Cattell(5). As stimula- 
tion was continued, the tension alternated in 
a regular manner such that a*beat in which 
high tension developed was followed by a 
beat of low tension. Both the high and low 
tension contractions exhibited a positive stair- 


RECOVERY 


Stim. 4,.6/sec, RECOVERY 


case effect(6,7) during the applied electrical 
stimulus. When stimulation was stopped, 
there was a marked increase in tension on re- 
covery with the occurrence of a negative stair- 
case effect. It is of interest to note the re- 
polarization phase of atrial cell action poten- 
tials during electrical stimulation (4th to 6th 
and 9th to the 13th beats in Fig. 1, 3rd to 
the 12th beats in Fig. 3). Alternation in re- 
polarization configuration can be seen; every 
other beat exhibited an exponential repolar- 
ization in contrast to the more sigmoid re- 
polarization of the intervening beats. In 
Fig. 3, alternation becomes apparent during 
continued electrical stimulation. The tension 
is greater in those cycles where repolarization 
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FIG. 2. Graph summarizing data of simultaneous 
recording of atrial and sino-atrial cell action po- 
tentials during electrical stimulation. Open circles, 
atrial cell responses; blackened circles, sino-atrial 
cell responses. Ordinate: frequency of electrical 
stimulation. Abscissa: frequency of response. 
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FIG. 3. Simultaneous recording of atrial cell action potentials (upper tracing) and tension de- 
veloped by right atrium (lower tracing). Dotted-lme-represents zero potential level. Hach 
small division represents one mm, Paper speed, 50 min/sec. 


was exponential rather than sigmoid (5th, 
7th, 9th and 11th beats in Fig. 3). Post- 
stimulation potentiation of tension is accom- 
panied by a repolarization curve which is 
considerably longer in duration than those of 
the control action potentials or those occur- 
ring during electrical stimulation (7th and 
15th beats in Fig. 1, 13th beat in Fig. 3). 
Tension development and action potential 
configuration returned to control values after 
4 or 5 spontaneous beats. 

Discussion. The difference in the follow 
rates of sino-atrial and atrial cells is to be 
expected on the basis of the much longer dur- 
ation of the action potentials of sino-atrial 
cells(2,8,9). An electrical stimulus falling 
during the earlier phases of repolarization 
fails to excite sino-atrial cells, while on the 
same time scale the stimulus would excite 
atrial cells which have already returned to 
the polarized state. The sino-atrial region 
appears to act as pacemaker normally because 
it is usually in a partially depolarized state 
(2,8,9) and has the greatest tendency to 
undergo cyclic spontaneous depolarization. 
Certainly, pacemaker activity cannot be ex- 
plained on the basis of refractory period, since 
the experiments reported here indicate a 
longer refractory period for sino-atrial cells. 
The same discrepancy between atrial and 
sino-atrial cells has been observed when a 
relatively rapid “flutter” has been induced in 
the preparation. When the rate of stimula- 
tion exceeded that rate at which the sino- 
atrial cells could follow, it was observed that 
alternation in both electrical and mechanical 
phenomena occurred. That is, the repolariza- 
tion of atrial cells alternated between a sig- 
moid and exponential curve. At the same 
time, total contractile tension alternated in 


magnitude. It was observed that high tension 
was associated with the exponential type re- 
polarization curves whereas low tension 
matched the sigmoid type repolarization. In- 
spection of simultaneous tracings of atrial 
and sino-atrial spikes showed that effective 
depolarization in sino-atrial cells also was 
coincidental with the exponential repolariza- 
tion curve in atrial cells. In those experi- 
ments in which simultaneous atrial and sino- 
atrial electrical events and contractile tension 
all were observed, the same correlation was 
observed within limits. The cause-effect re- 
lationship is not yet clear. However, at 
higher frequencies a 4:1 ratio between atrial 
and sino-atrial response may be evident with- 
out a similar pattern in tension magnitude. 
It is felt that the correlation between sino- 
atrial cell firing and tension, when tension is 
alternating at lower frequencies, probably is 
coincidental. On the other hand, the rela- 
tionship between atrial cell repolarization and 
tension, which is a consistent finding in this 
preparation, appears to be valid at all fre- 
quencies, although they are not related in any 
simple way. Further investigation of this 
phenomenon is in progress. 

Post-stimulation potentiation and _ post- 
extrasystolic potentiation in the heart have 
been studied by other investigators. The 
studies of Rosin and Farah(10) were con- 
ducted on isolated rabbit atria and ventricles; 
those of Furchgott and Sleator(11) on 
guinea pig atria. Changes in contractility 
were qualitatively similar to those reported 
here. Neither of these authors attempted to 
relate contractility to transmembrane poten- 
tials. This has been done recently by Hoff- 
man, Bindler and Suckling(12) using cat 
papillary muscle. However, the post-extra- 
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systolic potentiation observed by the latter 
investigators was not accompanied by a sig- 
nificant change in membrane repolarization. 

Summary. 1. Cells in the region of the 
sino-atrial node of rabbit are unable to re- 
spond to as high a frequency of stimulation 
as those cells not included in the pacemaker 
area. 2. The same phenomenon has been ob- 
served during rapid atrial arrhythmias in the 
absence of electrical stimulation. 3. The 
magnitude of the contractile tension devel- 
oped by the atrium is related to repolarization 
of atrial cell action potentials, being greater 
for those demonstrating exponential rather 
than sigmoid curves. This is a consistent 
finding occurring during periods of electrical 
stimulation and with the first few spontane- 
ous beats following stimulation, but the ten- 
sion and action potential repolarization are 
not related to each other in any simple way. 
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Effect of DPPD, Methylene Blue, BHT, and Hydroquinone on 


Reproductive Process in the Rat.* 


(22656) 
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Research Laboratories, Distillation Products Industries, Division of Eastman Kodak Co., Rochester. 


Although several compounds have been 
found to prevent or cure certain vit. E defi- 
ciency symptoms, such as brown discoloration 
of the uterus and cloudy swelling of the con- 
voluted tubules of the kidney, only 2, di- 
phenyl-p-phenylenediamine (DPPD) and 
methylene blue, have been reported to substi- 
tute for tocopherol in preventing resorption- 
gestation in vit. E-deficient female rats. In 
our laboratory also, preliminary experiments 
indicated that methylene blue and DPPD 
gave slight positive responses under the con- 
ditions of our standard vit. E bioassay pro- 
cedure(1). Consequently, we were led to in- 
vestigate this apparent vit. E activity further. 


Methylene blue. The results of vit. E bio- 
assays in which the responses of 5 levels of 


* Communication No. 233. 


methylene blue were compared with five lev- 
els of standard, d-a-tocopherol, showed me- 
dian fertility doses (MFD) of 36 mg and 
0.29 mg respectively. Thus, methylene blue 
has less than 1% the activity of a-tocopherol. 
However, during the course of these experi- 
ments, Moore, Sharman, and Ward(2) re- 
ported that under the conditions of vit. E 
bioassay in their laboratory, methylene blue 
was completely negative. The bioassay pro- 
cedures used at Cambridge and by us were 
practically identical except for length of time 
of depletion. Moore used 5 months and we 
used about 5 weeks. Consequently, the slight 
positive response we obtained for methylene 
blue may have been due to its protective or 
sparing effect on the small, residual quanti- 
ties of a-tocopherol still remaining in the tis- 


. 


sues of our animals after only 5 weeks deple- 
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TABLE I. Effect of DPPD* and d-a-Tocopheryl Acetate on Reproductive Performance of 
Vit. E-Deficient Female Rats. 
Dietary supplement 
Negative 0.002% 
control, 0.2%  d-a-tocopheryl 
no suppl. DPPD acetate 
Fertility index (No. of females pregnant to No. mated) 3/3 VAS) 9/9 
Litter efficiency (% of pregnant animals with at least 1 0 33 100 
viable fetus) 
Mortality (No. of females dying at parturition) = 2 0 
Mean length of gestation (days) 25 22 
Mean litter size 2.3 7.8 
Viability index (No. of young alive at 3 days to No. born) 0/7 63/70 
Lactation index (No. of young. w eaned to Noy alive at 3 days) — 61/63 


* Feed gr ade DPPD. 


tion. Quite recently, Christensen, Dam, and 
Gortner(3) revised their original conclusion 
(4) since methylene blue has been found to 
be ineffective as vit. E in preventing fetal re- 
sorption if the depletion diet is rigorously 
freed of tocopherol, thus eliminating the spar- 
ing effect of methylene blue on small, residual 
amounts of tocopherols in the vit. E-low ra- 
tion. Therefore, methylene blue is not a vit. 
E substitute for preventing fetal resorption 
and, furthermore, should be used with cau- 
tion, according to Moore(5), since at high 
levels of 0.252% in the diet it caused growth 
depression and severe damage (fragmenta- 
tion) to the spleen of male rats. We also ob- 
served that all female rats died when supple- 
mented with 100 mg/day of methylene blue. 

DPPD. Results of a standard bioassay of 
DPPD in a Tween-water dispersion for vit. E 
potency showed that under the conditions of 
our test (5-12 week depletion period), DPPD 
possessed 7% the activity of the d-a-toco- 
pherol standard on a molar basis. Johnson 
and Goodyear(6) reported that DPPD 
(0.385 mg/wk) supported reproduction in fe- 
male rats maintained on a vit. E-low ration 
from weaning. Subsequent experiments 
showed(7) that this vit. E-like effect of 
DPPD disappeared as soon as the animals’ 
tissue stores of tocopherol were used up. 

A further test of the apparent anti-sterility 
potency of DPPD was conducted in which 
DPPD was fed mixed into the vit. E-low diet 
and fed to vit. E-deficient female rats begin- 
ning 7 days prior to mating. ‘In Table I are 
shown the results obtained in comparison with 
a control group treated identically except that 


the diet was supplemented with 0.002% d-a- 
tocopheryl acetate instead of DPPD. DPPD 
in the diet (0.2%) was less effective than d- 
a-tocopheryl acetate (0.002%) in preventing 
typical vit. E-deficiency gestation resorptions, 
as evidenced by “litter efficiencies” of 33% 
and 100%, respectively. But more striking 
was the effect of DPPD on the duration of 
gestation and on mortality of young. Gesta- 
tion was prolonged to 25 days from a normal 
of 22 days, and all of the newborn rats died 
before 3 days of age. 

Other experiments with a vit. E-free diet or 
a stock diet confirmed these adverse effects of 
DPPD. Typical results are shown in Table 
II. Butylated hydroxytoluene (BHT) and 
hydroquinone (HQ) were also fed to deter- 
mine whether these antioxidants would show 
similar toxicity in pregnant animals. Neither 
BHT nor HQ at the 0.3% level induced the 
prolonged gestation and mortality character- 
istic of DPPD. BHT at the 1.55% level 
caused a drastic weight loss in the pregnant 
females which was associated with fetal 
deaths. This response was not unexpected. 
since at this level of feeding the rats were re- 
ceiving each day about half the single dose 
LD; of BHT as reported by Deichmann et al. 
Gy 

The DPPD effect is more pronounced in 
animals fed the supplemented “stock diets” 
10 days before insemination than in those fed 
the supplemented “vit. E-low diets fortified 
with d-a-tocopheryl acetate” starting on the 
day of insemination. Since these experiments 
were conducted at different times, compari- 
sons should be made with caution. The most 
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TABLE II. Effect of DPPD* on Reproduction in Female Rats. 


Mean 
length 
Group Supplement and Fertility Litteref- Mortal- ofges- Mean Viability Lactation 
No. level in diet (%) index ficiency ityindex tation litter size index index 
Vit. E-low diett + .001% d-a-tocopheryl acetate (supplemented diets 
fed starting on day of insemination) 
1 Negative control 14/17 100 0/17 22 Wath 73/ 85 (AUAIB} 
2 DPPD  .0125 8/11 60 1/11 23 6.2 18/ 31 18/18 
3 ve -0625 May Ala 88 0/11 24 5.1 8/ 51 6/ 8 
4 ‘3 313 10/11 90 2/11 25 6.0 0/ 54 
5 ZY 1.55 8/11 50 1/11 26 7.3 0/ 29 
6 BHT 0125 9/11 100 0/11 22 8.7 71/ 78 70/71 
7 a .0625 alg Alat 100 0/11 22 7.5 73/ 82 59/73 
8 ne 313 Ate 91 0/11 22 8.7 72/ 87 69/72 
Y ie 1.55 9/11 0 0/11 22 
Stock diet{ (supplemented diets fed 10 days prior to insemination) 

1 Negative control 16/17 88 ab yaliyy 23 10.6 71/104 69/71 
2 DPPD .0125 10/12 83 0/12 24 ug) 4/ 79 3/ 4 
3 e .0625 15/17 70 5/17 25 4.9 0/7 49 
4 wh 318 8/10 60 5/10 25 5.3 0/ 16 
5 a 1.55 11/13 33 7/13 25 4.7 O/ 14 
6 HQ .003 10/10 100 0/10 22 8.1 79/ 84 78/79 
7 “3 3 10/10 100 0/10 23 7.8 65/ 76 62/65 


* Feed grade DPPD: 


t Diet #301 of Harris and Ludwig(9). 


¢ Diet of Ames e# al.(10) 


except with linseed meal replacing soybean meal and partially hydrogenated vegetable oil (Primex) re- 


placing margarine oil. 


sensitive criterion of DPPD feeding, a high 
incidence of early mortality of young, oc- 
curred in both experiments in groups fed 
0.0125% DPPD, the lowest level tested. In 
another experiment, supplementation of the 
diet with 400,000 I.U./kg of vit. A or 0.1% 
of d-a-tocopheryl acetate failed to alleviate 
the toxicity. Those young rats which sur- 
vived this early period of life (3 days) were 
able to suckle successfully, as evidenced by a 
normal lactation index.’ Considerable mater- 
nal mortality occurred at levels of 0.0625% 
DPPD and higher in the stock diet. The ab- 
normality leading to death seemed to be 
largely mechanical. Gestation was prolonged, 
in some instances as much as 36%. Probably 
the fetuses continued to grow in utero until, 
when parturition did occur, the birth process 
was exceedingly difficult and _ prolonged. 
Many of the young were born dead and most 
of the mothers that died did so during parturi- 
tion. Other symptoms occasionally observed 
were vaginal bleeding and prolapse of the 
uterus. The physiological defect caused by 
DPPD is probably failure of “the trigger 
mechanism” which starts the birth process at 
the proper time. 


Summary and conclusions. 1) Vit. E. bio- 
assays (prevention of resorption-gestation) 
of both methylene blue and DPPD indicated 
a low order of activity. However, this appar- 
ent tocopherol-like potency was due probably 
to a protective or sparing effect on small resid- 
ual quantities of vit. E in the diet and in the 
body tissues. Under conditions where the 
diet was rigorously freed of tocopherol and 
the depletion period was extended, methylene 
blue and DPPD were found by other investi- 
gators to be completely devoid of vit. E ac- 
tivity. 2) At higher levels of supplementa- 
tion, both methylene blue and DPPD were 
toxic. Methylene blue in doses of 100 mg/ 
day killed pregnant female rats. Feeding 
pregnant rats diets containing DPPD at a 
level of 0.0125% in the diet resulted in mor- 
tality of their young. Higher levels of DPPD 
induced prolonged gestation and maternal 
mortality. Neither BHT (0.313%) nor hy- 
droquinone (0.3%) produced these symptoms 
of toxicity, but BHT at the 1.55% level in 
the diet resulted in drastic loss of weight and 
fetal deaths. 
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Mouse Pathogenicity with Gastric Mucin as an Index of Staphylococcus 


Virulence. 


(22657) 


S. STANLEY SCHNEIERSON AND DANIEL AMSTERDAM. 
Department of Microbiology, The Mount Sinai Hospital, New York City. 


Bacterial virulence, defined broadly as the 
capacity of an organism to invade and mul- 
tiply in tissues and produce disease or death, 
is best measured by observing pathological ef- 
fects induced by the microorganism in a suit- 
able host. Animal virulence tests, although 
employed for a number of other bacterial spe- 
cies, have not been applied to staphylococci 
chiefly because of their inconstant and irregu- 
lar pathogenicity for laboratory animals. 
Such biochemical properties as coagulase, pig- 
ment and hemolysin production as well as 
mannite fermentation are utilized instead 
with the greatest reliance being placed on the 
first, but the validity of these criteria as in- 
dices of virulence in all instances has been 
subject to serious question by many investi- 
gators. Lack and Wailling(1), as one example, 
in a study on the factors contributing to 
pathogenicity of staphylococci, state, “While 
there is strong evidence that the absence of 
coagulase production is associated with non- 
pathogenicity, there is no evidence that all 
coagulase-producing strains are pathogenic.” 

Hog gastric mucin has found wide applica- 
tion as an adjuvant in converting infections 
caused by organisms considered of low viru- 
lence for mice on intraperitoneal injection 
into rapidly lethal ones. Among the numer- 
ous bacterial species reported amenable to its 
action in this regard are ‘some strains of 


staphylococci(2-4). Ercoli e¢ al.(5) have 
shown that staphylococci injected intraperi- 
toneally into mice with mucin remain viable 
and spread from the abdominal cavity, while 
without it they are rapidly destroyed. It was 
believed of interest to ascertain whether the 
mouse could be converted from a relatively 
resistant host to staphylococcus infection by 
the intraperitoneal route into one readily sus- 
ceptible, by means of the adjuvant, and if so, 
to determine whether this procedure could be 
adapted to the differentiation of virulent from 
avirulent members in ithe same manner that 
animal inoculations are employed with cory- 
nebacteria, clostridia, mycobacteria, etc. To 
facilitate this evaluation, the im vitro pre- 
sumptive biochemical reactions of a series of 
strains of staphylococci were compared with 
their intraperitoneal pathogenicity for mice 
with mucin. 

Materials and methods. 60 strains of sta- 
phylococci recently isolated. from a variety of 
such clinical sources as suppurative lesions, 
blood, nose and throat, urine and skin -were 
employed. 5% hog gastric mucin (Type 
1701-Wilson) was prepared according to 
Miller(6). Ten albino Swiss mice, weighing 
approximately 15-20 g, were used for each 
bacterial strain, of which 5 received 0.5 ml 
of 5% hog gastric mucin and the remainder 
0.5 ml of physiological saline  intraperi- 
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toneally 15-20 minutes prior to the intraperi- 
toneal injection into each mouse of 0.25 ml 
of a 16 hour veal infusion broth culture. Ani- 
mals were observed 48 hours and all deaths 
were recorded. In addition, one group of 10 
mice received 0.75 ml of mucin and another 
group of 10 mice received 0.75 ml of veal in- 
fusion broth intraperitoneally in order to test 
toxicity of mucin and broth alone without 
any fatalities being noted in either group. 


Coagulase production was determined by 
tube test. Contents of an ampule of desic- 
cated rabbit plasma (Difco) was suspended 
in 3 ml of distilled water and 2 drops of a 
16 hour veal infusion broth culture of each 
strain under investigation was added to 0.5 
ml of the plasma solution and incubated in a 
water bath at 37°C for 3 hours. A positive 
test was distinct clotting of the tube’s con- 
tents. Presence of yellow to deep orange col- 
onies after incubation at 37°C for 2 days and 
at room temperature near the light for 3 more 
days on a medium containing 2 parts 2% veal 
infusion agar and 1 part sterile homogenized 
milk indicated pigment production. Hemoly- 
sin production was manifest by distinct clear 
zones around bacterial colonies on 5% human 
blood agar plates within 72 hours at 37°C. 
Mannite fermentation was denoted by red 
colonies and the formation of a red color in 
the surrounding medium, after incubation at 
37°C for 72 hours, on a veal infusion agar 
plate containing 1% mannite and Andrade’s 
indicator. . 

Results. The significant enhancement in 
pathogenicity for mice achieved with the aid 
of gastric mucin with a considerable propor- 
tion of the bacterial strains studied is demon- 
strated in Table I. It may be noted from the 
table that whereas only 5 of the 60 strains 
were able to produce a mortality of at least 
3 out of 5 mice without mucin, 42 proved 
lethal to the same degree with the adjuvant. 
Thus, by its use, the mouse was converted 
from a host resistant to staphylococcus infec- 
tion via the intraperitoneal route into one 
readily susceptible with 37 strains. In no 
instance was any strain found pathogenic to 
mice without mucin and innocuous with it. 

To facilitate comparison between in vitro 


TABLE I. Enhancing Effect of Gastric Mucin 
upon Pathogenicity of 60 Strains of Staphylococci 
for Swiss Mice. 

With mucin 


% of 
No. strains total 


Without mucin 


Mouse % of 
mortality* No. strains total 


0/5 47 78.3 13 21.7 
1/5 3 5.0 3 5.0 
2/5 5 8.4 2 3.3 
3/5 1 aly 8 13.3 
4/5 2 3.3 14 23.4 
5/5 2 3.3 20 33.3 


* Numerator = No. died. Denominator — Total 


No. animals inj. 


and animal tests, all strains fatal to at least 
3 out of 5 mice with mucin were arbitrarily 
classified as pathogenic and hence virulent. 
Accordingly, 42 of the 60 strains investigated 
were found virulent and 18 non-virulent. The 
number and proportion of microbial strains 
found mouse pathogenic or non-pathogenic in 
relation to their reactions to each of the pre- 
sumptive im vitro tests is summarized in 
Table II. Examination of Table II reveals 
that although mouse pathogenicity with mu- 
cin was not in complete accord with the re- 
sults of the biochemical tests, a degree of cor- 
relation ranging from high to fair did exist 
between both, depending upon the test. Ex- 
cepting hemolysin production and varying 
with each criterion, strains reacting positively 
were generally pathogenic to mice, while the 
negative reactors were non-pathogenic in the 
main. As for hemolysin production, 73.8% 
of the 42 hemolytic strains proved pathogenic, 
as were 61.1% of the 18 non-hemolytic 
strains. The relationship between coagulase 
production and virulence as determined by 
the procedure reported upon is of particular 
interest for it provides experimental corrobo- 
ration for the observation of Lack and Waill- 
ing(1), quoted above. Thus only 1 of the 11 
strains that failed to produce coagulase 
proved pathogenic. On the other hand, 
though 41 of the 49 coagulase positive strains 
were pathogenic, the remaining 8 were found 
non-lethal to the experimental animals. 

In light of the questionable validity of the 
biochemical indices in some instances and in 
view of a number of discrepancies noted be- 
tween the im vitro reactions and mouse patho- 


4A 


PAPER ELECTROPHORESIS TECHNICS FOR GLYCOPROTEINS 


TABLE II. Intraperitoneal Mouse Pathogenicity with Mucin of Staphylococci in Relation to 
Their In Vitro Reactions. 


Mouse pathogenicity with mucin 


Total Pathogenic Non-pathogenie 

In vitro test Reaction strains No. % total No. % total 
Coagulase Positive 49 41 83.7 8 16.3 
Negative 11 1 Ql 10 90.9 
Pigmentation Positive 39 34 87.2 5 12.8 
Negative 21 8 8A 13 61.9 
Hemolysin Positive 42 31 73.8 11 26.2 
Negative 18 ital 61.1 7 38.9 
Mannite fermentation Positive 52 41 78.9 tat 21,1 
Negative 8 1 12.5 7 87.5 


genicity with mucin, the animal virulence test 
reported upon is proposed as a supplementary 
method for directly assessing this property in 
staphylococci since it represents the determin- 
ation of the capacity of a strain to induce 
death, which is the acme of virulence. 
Summary. Significant enhancement of 
mouse pathogenicity was observed following 
intraperitoneal injection of staphylococci with 
gastric mucin. By means of the adjuvant, 
the mouse was converted from a host resis- 
tant to staphylococcus infection by this route 
into one readily susceptible with 37 strains. 
High to fair degree of correlation, depending 
upon the test, was found between the in vitro 
presumptive biochemical tests and intraperi- 
toneal mouse pathogenicity with mucin but 


some discrepancies were noted between both. 
The procedure under consideration is pro- 
posed as a supplementary method for the di- 
rect determination of virulence of staphy- 
lococcl. 
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Comparison of Continuous and Strip Paper Electrophoresis Technics for 


Study of Serum Glycoproteins.* 
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M. R. SHETLAR, CHARLES CAHILL, GEORGE STIDWORTHY, AND CLARA L. SHETLAR. 
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Paper strip electrophoretic technics are now 
widely used for fractionation studies of serum 
proteins. Application of the Hotchkiss-Mc- 
Manus technics for tissue polysaccharides to 
paper strips by Koiw and Gronwall(1) allows 
studies of carbohydrate components of the 


* This work was supported in part by a grant from 
the American Cancer Society on thé recommendation 
of the Committee on Growth of the National Re- 
search Council and by a grant from the Geigy Cor- 
poration. 


serum proteins. Technics for continuous pa- 
per electrophoresis apparatus using vertical 
curtains have been described by Grassmann 
and Hannig(2) and by Durrum(3). The use 
of such equipment allows the collection of 
serum fractions in quantities which make pos- 
sible chemical analysis for the glycoprotein 
and protein components. The work described 
here was undertaken to compare results ob- 
tained by continuous electrophoresis technics 
with the less tedious paper strip methods. 


\ 
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FIG. 1. Typical continuous and strip paper electrophoretic patterns. 
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(Albumin is at the left in 


all patterns.) Top: Continuous electrophoretic curtain stained for proteins with bromophenol 


Bottom: Similar strip of same 


blue. Middle: Strip pattern stained with bromophenol blue. 
serum after development of periodic acid Schiff reaction for glycoproteins. 
Methods. A  Karler-Misco | Continuous 


electrophoretic unitt was used with a constant 
voltage supply. The plate supporting the 
paper curtain was found to make too much 
contact with the paper and was modified by 
-making a plastic plate with fewer contact 
points. A slow stream of air was bubbled 
through the anode chamber to prevent plating 
out of buffer ions. A .045 barbital buffer (pH 
8.6) was used for all studies. The apparatus 
was allowed to equilibrate for about 8 hours 
until the current became stable at 12 milli- 
amperes. Electrophoresis was carried out at 
350 volts for 24-48 hours. A paper wick (S 


+ Microchemical Specialties Co., Berkeley, Calif. 
} Model 1400 Research Specialties Co., Berkeley, 
Calif. 


and S No. 470) was used to feed the serum 
sample to the paper curtain. 


At the end of each run the curtain was re- 
moved and the pattern developed with bromo- 
phenol blue in the same manner as used for 
strip electrophoresis. The collecting tubes, 
previously calibrated at 3 ml, were labeled 
and the volume in each adjusted to 3 ml. Ali- 
quots were taken from each tube for estima- 
tions of protein by the biuret reaction and 
bound carbohydrate by the method of Shet- 
lar, Foster, and Everett(4). Samples were 
also taken from each tube for paper strip elec- 
trophoresis. From these studies the protein 
constituents of each tube were identified. If 
more than one fraction was noted on the pa- 
per strip, it was scanned in the Spinco Analy- 
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FIG. 2. Typical densitometer tracings of strip 

electrophoresis patterns for proteins and glycopro- 

teins. Patient with active rheumatoid arthritis. 

Glycoprotein, 201 mg/100 ml; protein, 8.05 g/100 
ml. 


trol and the relative amounts of each fraction 
estimated. 

Paper strip electrophoresis. Strip electro- 
phoresis was carried out essentially by the 
method of Block, Durrum and Zweig(5) 
using Spinco hanging strip electrophoresis 
cells. 3MM filter paper was used for all 
work. Electrophoresis was conducted at con- 
stant current (5 milliamperes for 8 strips) 
using barbital buffer, 075M, pH 8.6. Dupli- 
cate strips, 10 4 for protein and 30 X for gly- 
coprotein studies, were made of each sample. 
For estimation of protein the strips were de- 
veloped with bromophenol blue essentially as 
described by Block e¢ al.(5). For glycopro- 
tein studies, the strips were subjected to the 
periodic acid Schiff reaction as applied by 
Koiw and Gronwall(1) except that the reduc- 
ing solution was prepared as described by Ro- 
boz et al.(6). The protein strips were quan- 
titated with the Spinco Analytrol using blue 
filters; the glycoprotein strips were similarly 
evaluated with the same instrument using 
Klett 52 (green) filters. The total area un- 
der the protein curve was equated to the se- 
rum protein as determined by the biuret reac- 
tion, and the area under the glycoprotein 
curve was similarly made equal to the total 
serum glycoprotein obtained by the trypto- 
phan method(4). 


Results. Typical electrophoretic patterns 
by both technics are shown in Fig. 1, and 
typical analytrol curves for protein and glyco- 
protein are presented in Fig. 2. The differ- 
ence in distribution of protein and bound 
carbohydrate is illustrated in both figures. 

Average glycoprotein contents of serum 
fractions of patients with cancer and arthritis 
and for normal and pregnant subjects are 
summarized in Table I. The corresponding 
protein values are tabulated in Table II. 
Even with the small number studied, differ- 
ences are apparent between the 4 groups. 

In order to obtain some measure of the 
agreement between the two methods, the cor- 
relation coefficients for the 2 methods for the 
glycoprotein and protein of each fraction were 
calculated. Correlation coefficients for the 
glycoprotein moieties were: Albumin, .74; 
a1, -81; as, .71; B, .78; and y-globulin, .90; 
for the protein components they were: Albu- 
min, .84; a1, .75; a2, .79; B, .55; and y-globu- 
lin, .93. With the exception of 8-globulin pro- 
tein all of these correlation coefficients are sig- 
nificantly different from O at the 1% level of 
probability. 

Discussion. Two different electrophoretic 
methods have been compared in this study. 
Not only do the electrophoretic technics vary, 
but the reactions used to quantitate the re- 
sults are also different. For the continuous 
technic the protein of each fraction was esti- 
mated by the biuret reaction, while proteins 
by the strip method were estimated by densi- 
tometer readings made directly on the bromo- 
phenol blue dyed strip. Many studies have 
been made of the bromophenol blue staining 
technic as applied to paper strip electrophor- 
esis(5) and a multiplicity of factors which 
affect the quantitation of protein fractions by 
this method have been noted. At present, it 
appears the best approach to use of this tech- 
nic for study of serum fractions is an arbi- 
trary one with standardized dyeing and scan- 
ning procedures. The continuous paper elec- 
trophoresis technic would appear to be more 
direct in its approach; however, this method 
is more difficult and is consequently unlikely 
to gain favor for extensive studies. The agree- 
ment of the continuous with the strip method 
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TABLE I. Distribution of Glycoprotein in Different Conditions. 


Bound carbohydrate* associated 


with Sero- 
Condition No. Albumin qa, de B ¥ Totalt mucoid: 
Cancer 5 Strip ft a8 sy. AS epee 22, en as 188 41 
Continuous 20 49 67 31 20 
Rheumatoid arthritis 2 Strip 15 38 80 35 30 198 27 
Continuous 18 30 79 35 38 
Late pregnancy 2 Strip 12 22 49 44 25 152 Wy 
Continuous 11 25 54 39 22 
Normal 3 Strip 12 18 Big 838) 24 122 15 
Continuous 13 16 35 31 24 
* mg/100 ml of serum. ; pan 
+ Bound hexose polysaccharide by tryptophan method(4). 
¢ Determined by tryptophan method after isolation by method of Weimer et al.(7). 
TABLE II. Comparison of Protein Distribution. 
Protein®™ associated with 
Condition No. Albumin a as B OY 
Caneer 5 Strip SclmO0N 16.7 > 149° ~ 18.8 
Continuous 39.9 8.9 16.6 13.9 20.7 
Rheumatoid arthritis 2 Strip 43.4 5.0 11.6 14.2 25.8 
Continuous 42.9 6.0 12.5 11.4 27.2 
Late pregnancy 2 Strip 46.8 7.4 12.6 18.4 14.8 
Continuous 43.6 7.6 16.1 15.9 16.8 
Normal 3 Strip 53.6 5.8 9.1 13.6 17.9 
3.9 8.0 10.8 19.2 


Continuous 


58.1 


* Expressed as a % of total serum protein. 


tends to strengthen the use of the latter 
method for routine work. 

The agreement between glycoproteins by 
the two technics is rather surprising consider- 
ing the great difference in technics and quanti- 
tation. The periodic acid Schiff reaction has 
not been evaluated as a quantitative test for 
serum glycoproteins, and the tryptophan 
method of Shetlar et al.(4) has not been 
thoroughly studied for purified serum frac- 
tions. However, the agreement noted in this 
paper tends to strengthen both of these tech- 
nics as tools for investigations of glycopro- 
teins. 

Summary. A continuous paper electro- 
phoretic technic was compared with a paper 
strip electrophoretic technic as a tool for the 
study of serum protein and glycoprotein frac- 
tions. Protein and glycoprotein for the con- 
tinuous electrophoretic study were quanti- 
tated by analyses of the fractions by the 
biuret and tryptophan reactions. The glyco- 
proteins by the strip technic were quantitated 


| 
| 
| 
| 


by the periodic acid Schiff reaction and the 
protein strips by the bromophenol blue stain- 
ing. In both cases the strips were evaluated 
with an automatic photoelectric scanner. 
Good agreement between the two methods for 
both protein and glycoprotein was noted. 
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Characteristics of the New Respiratory Viruses (Adenoviruses*) 


II. Stability to Temperature and pH Alterations. 


(22659) 


HAROLD S. GINSBERG. 
Departments of Preventive Medicine and Medicine, Western Reserve University, and 
University Hospitals, Cleveland, O. 


To investigate the biologic characteristics 
of the respiratory viruses isolated indepen- 


dently by Rowe and co-workers(1) and by — 


Hilleman and Werner(2) it was important to 
determine the stability of these agents under 
a variety of conditions. For practical consid- 
erations it was desirable to investigate the 
experimental conditions under which these 
viruses were inactivated, as well as the opti- 
mum and most practical conditions for hand- 
ling and storing the agents. It is the purpose 
of this paper ‘to present evidence that the 4 
prototype viruses studied are relatively stable 
under varying conditions of pH and tempera- 
ture. 

Materials and methods. Tissue culture. 
Strain HeLa cells (Gey) derived from an epi- 
dermoid carcinoma of the uterus were em- 
ployed(3). The methods used for the serial 
propagation of ‘these cells and preparation of 
tube cultures were identical to those previous- 
ly described (4,5). The nutrient fluid consisted 
of 40% human serum and 60% Hanks’ bal- 
anced salt solution(3). Viruses. The viruses 
employed were types 1, 2, 3 and 4 of the new 
respiratory viruses(1,2) originally termed the 
Adenoid Degeneration or “AD” agents(1) or 
the RI-67 agents(2). More recently Huebner 
et al. have suggested the name adenoidal- 
pharyngeal-conjunctival (APC) viruses for 
this group of agents(6). A committee com- 
posed of interested investigators recently sug- 
gested the designation “Adenoviruses” for this 
group of agents(7), and this terminology will 


* Name suggested to designate group of viruses 
previously termed AD, APC, or RI viruses(7). 

+ This investigation was conducted under the spon- 
sorship of the Commission on Acute Respiratory 
Diseases, Armed Forces Epidemiological Board, and 
supported in part by Office of Surgeon General, De- 
partment of the Army, and by grants from the Brush 
Foundation, the Robert Hamilton Bishop, Jr. En- 
dowment Fund, Mr. Philip R. Mather, and the Re- 
public Steel Corp. 


be employed hereafter. Types 1, 2, and 3 
were kindly supplied by Dr. R. J. Huebner 
and type 4 (also termed RI-67(2) or ARD 
virus(4)) was furnished by Dr. M. R. Hille- 
man. The type designations are the same as 
those suggested by Huebner and co-workers 
(6). The viruses were propagated in HeLa 
cells using a maintenance mixture consisting 
of Scherer’s MS 90% (3), and chicken serum 
10% or MS 67.5%, chicken serum 7.5% and 
tryptose phosphate broth (Difco) 25%(5). 
Virus pools were prepared ‘by freezing and 
thawing infected cells as previously described 
(5). Viruses were stored in sealed glass am- 
pules at —70°C. Infectivity titrations. Se- 
rial 1:3.2 (10°-°) dilutions were prepared in 
Hanks’ balanced salt solution, and 0.1 ml of 
each dilution was inoculated into each of 2 
HeLa cell culture tubes. Inoculated tubes 
were incubated at 36°C for 6 days. A culture 
was considered infected when 50% or more 
of the HeLa cells had undergone specific cyto- 
pathogenic changes. The infectivity titer end- 
point was calculated as the highest dilution of 
virus which infected one-half of the tubes in- 
oculated. Alterations of pH. To adjust the 
viral suspensions to the desired pH, 0.5 N 
HCl or NaOH was employed. The quantity 
of HCl or NaOH required to obtain a desired 
pH was preliminarily determined using unin- 
fected maintenance mixture. By this rela- 
tively crude method the number of drops of 
HCl or NaOH delivered by a calibrated capil- 
lary pipette in order to obtain a desired pH 
was placed in appropriate rubber stoppered 
tubes. To each tube was added 1.0 ml of 
virus infected maintenance mixture. After 
at least 5 minutes to permit complete mixture, 
the pH of each solution was determined elec- 
trophotometrically. The viral suspensions 
adjusted to the desired hydrogen ion concen- 
trations were allowed to stand at room tem- 
perature for 30 minutes, after which the pH 


ADENOVIRUSES’ TEMPERATURE AND pH STABILITY 


TABLE I. Storage of Adenoviruses at 4°C. 


Virus infectivity titer after storage 
at 4°C (days) 


Virus None 18 44 70 
ai (log) = 
Type l 72.75 —2.75 —2.5 —2.75 
2 —2.25 —2.5 —2,.25 —2.25 
4 —2.75 —3.0 —2.5 —2.75 

4 —2.25 -1.75 —2.0 —2.0 


of each was rapidly adjusted to pH 7.4-7.6 
with 0.5 N HCl or NaOH. The total volume 
of NaOH and HCl which had been added to 
each tube had been recorded so that all viral 
samples, including the unaltered controls, 
were finally adjusted to the same volume with 
maintenance mixture. To determine viral 
inactivation, infectivity titrations were car- 
ried out on each aliquot in a given experiment 
at the same time. For one group of experi- 
ments a 0.1 M phosphate buffer at pH 6.5 
was used to adjust the pH of the viral sus- 
pensions. ; 

Results. Stability on storage. The 4 pro- 
totype viruses studied have been stored in the 
frozen state in glass sealed ampules at —70°C 
in a cabinet refrigerated with solid CO». and 
at —30°C in a mechanically refrigerated box 
for 19 and 7 months, respectively, the longest 
periods tested, without detectable decrease in 
infectivity titers. 

It was next of considerable importance 
to determine whether the property of infec- 
tivity was stable at 4°C, ordinary refrigerator 
temperature. Pools of virus infected tissue 
culture homogenate were placed in screw- 
topped tubes at 4°C, and after 18, 44, and 70 
days aliquots were removed and stored at 
—30°C until the completion of the test pe- 
riod. Infectivity titrations were done on all 
samples at the same time. The results of this 
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TABLE II. Stability of Adenoviruses at Room 


Temperature (22-23°C). 


Infectivity titer after storage at 22-23°C 


(days) 
Virus None 2 4 if 10 14 
(log) a 
Type 1 3.5 ast) SD) ia) 333) 
2 3.0 ee 3.0 3.0 -3.0 -2.5 
3 3.0 3.0 3.0 3.0 -3.0 -8.5 
4 SH) 5) 3.5 3.5 3.5 % 


* Not tested. 


experiment, summarized in Table I, indicate 
that these viruses can be stored at 4°C for 
over 2 months without loss of infectivity titer. 

A similar experiment was carried out to de- 
termine whether the adenoviruses were inacti- 
vated when held at room temperature (from 
22°-24°C) during the experimental period. 
The data from this experiment, presented in 
Table II, indicate that these viruses retained 
their infectivity titers at room temperature 
for 10 to 14 days. 

Stability at 36°C. The above data indi- 
cated that the adenoviruses are relatively 
stable when stored over a wide range in tem- 
perature. The rate of inactivation of these 
agents when incubated at the temperature 
utilized for propagation of the viruses, 7.¢., 
36°C, was next determined. The results are 
summarized in Table III. For these experi- 
ments it was necessary to buffer the type 4 
virus suspension in order to maintain a pH 
of 7.4. Preliminary experiments had shown 
that if the pH of type 4 virus preparations in- 
creased above 7.8 during incubation, the in- 
fectivity titer began to decrease within 24 to 
48 hours; by 4 or 5 days the preparation 
would usually be non-infectious. As noted in 
Table III, however, when the pH of type 4 
virus suspensions was maintained at a con- 
stant pH of 7.4 during incubation, this agent 


TABLE III. Stability of Adenoviruses at 36°C, 


Infectivity titer after incubation at 36°C (days) 


Virus None 1 2 3 4 5 6 ii 
(omens (log) ~ 
Typel —4.75 —4.75 —4.75 —4.0 —4.5 —4.5 —4.25 or >* —4.25 or >* 
2 -3.5 —3.75 —3.75 —3.5 -3.75 -3,25 —3.75 —3.5 
3 —3.5 —3.25 —3.0 —3,.25 —3.0 —3.0 —3.0 —3.0 
4t —3.25 -3.0 —3:0 —3.0 3.0 3.0 —2.5 —2.5 


* Highest dilution tested, 10-9, infected both tubes. 
+ Buffered at pH 7.4 with 0.01 M phosphate buffer. 
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FIG. 1. Inactivation of adenoviruses at 50°C. Five 
1,0 ml aliquots of each virus in tightly stoppered 
tubes were incubated in a 50°C water bath. At in- 
dicated intervals an aliquot of each virus was re- 
moved from the 50°C water bath and immediately 
immersed in an ice-water bath at 1°C. Infectivity 
titrations on all samples were done on the same 
day. Each endpoint represents geometric mean of 
2 experiments. 


was as stable as the other types. These data 
give further evidence of the marked stability 
of these agents, for when they were incubated 
at 36°C for as long as 7 days there was no 
measurable decrease of the infectivity titers 
by the methods employed. 

Inactivation at 50°C and 56°C. To deter- 
mine the rate and kinetics of the inactivation 
of the adenoviruses, the 4 agents under study 
were heated in 1.0 ml volumes at 50°C and 
56°C for increasing periods. At the termina- 
tion of the predetermined period of incuba- 
tion the heated aliquot was immediately im- 
mersed in an ice-water bath at 1°C. Infec- 
tivity titrations on all samples of a single 
virus were done on the same day with a single 
lot of HeLa cell tubes. The results of 2 ex- 
periments with each virus are summarized in 
Fig. 1. Types 1, 2, and 3 viruses were inac- 
tivated at similar but not identical rates, 
whereas the type 4 virus was more resistant 
to inactivation at 50°C. It is of interest to 
note that the curves of inactivation of types 
1 and 2 viruses could be interpreted to be 
straight line reactions. On the other hand, the 
curves of inactivation for types 3 and 4 
viruses are not straight lines, which indicates 


that these agents were not inactivated at a 
uniform rate during successive unit time in- 
tervals at 50°C. No such differences in the 
rates of inactivation of these agents at 56°C 
were detectable, as all 4 viruses were more 
than 99.9% inactivated when incubated for 
only 214 minutes and no residual infectivity 
could be detected.after 5 minutes incubation 
at this temperature. That types 1-3 are non- 
infectious after incubation at 56°C for 30 
minutes has been reported(6). 


Degree of viral inactivation by varying pH. 
Multiplication of adenoviruses in HeLa cell 
cultures and the cytopathogenic alteration of 
the host cells induced by these agents is ac- 
companied by an increase of lactic acid in the 
culture fluids(6,8,9) which may reduce the 
pH of the culture as low as pH 6.5 to 6.7(10). 
To determine whether the viruses may be in- 
activated during incubation of viral infected 
cultures the stability of adenoviruses was 
tested when the viral suspensions were ad- 
justed to pH 6.5 and incubated at 36°C. 
These experiments clearly demonstrated that 
types 1-4 adenoviruses were not mactivated 
when incubated at 36°C for 24 hours at a pH 
of 6.5, conditions to which the viruses are 
often exposed during infection of HeLa cul- 
tures. To determine the stability of these 
agents under conditions which might be em- 
ployed for chemical purification of viruses, as 
well as for other practical purposes, the inac- 
tivation of these agents over a wide pH range 
was also studied. The cumulative results of 
2 or 3 experiments with each agent are sum- 
marized in Fig. 2. These data indicate that 
the adenoviruses are relatively stable at 22°- 
23°C between pH 6.0 and 10.0. It is of in- 
terest that type 4 virus was slightly less stable 
at acid pH’s and type 3 virus was inactivated 
to a greater extent between pH 9 and 10 than 
were the other 3 prototype viruses studied. 
That these agents were not inactivated to a 
greater extent at pH’s as low as 1.5-3.0 indi- 
cates that the infectious property is very 
stable under these unphysiologic conditions. 
Except for type 3 virus the agents under 
study were not inactivated to a significant de- 
gree between pH 7 and 10. At higher pH’s, 
however, the viruses were readily inactivated, 
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FIG. 2. Inactivation of adenoviruses by acid and 
alkaline pH changes. Adjustments of pH were 
made with 0.6 M NaOH or HCl. After pH change, 
all samples were held at 22-23°C for 30 min. pH 
of each aliquot was then adjusted to pH 7.4-7.6. 
Infectivity titrations on all aliquots in a single 
experiment were done on the same day. Each end- 
point represents geometric mean of results from 2 
or 3 experiments. 


and at pH 11.0 infectious virus was not de- 
tected with any of the 4 types tested. 
Discussion. The data presented indicate 
that the prototype viruses of types 1-4 of the 
new respiratory viruses(1,2), adenoviruses 
(7), are relatively resistant to inactivation 
both by heat and by pH changes. It must be 
emphasized, however, that only a single viral 
strain of each type was investigated; the vari- 
ations of these characteristics within strains 
of a single type were not determined. Com- 
parison of the types 1-4 viruses with the 
stability of other animal viruses indicates that 
their stability to heat and pH alterations is 
of the same order as the poliomyelitis(11-14) 
and Coxsackie viruses(15,16). All of these 
agents resist inactivation by ether(6,17-20). 
Further comparisons point out that the adeno- 
viruses are considerably more stable to tem- 
peratures from 4°C to 50°C and pH altera- 
tions than are the influenza(21,22,23), 
mumps, and Newcastle disease viruses(24, 
25). The stability of the adenoviruses when 
they are maintained at 4°C, room tempera- 
ture (22°-23°C), or in the frozen state 
(—30°C to —70°C) facilitates attempts to 
isolate these agents from human _ sources. 


Furthermore, the capacity of these viruses to 
resist inactivation upon incubation at 36°- 
37°C eliminates a constant source of error 
from studies of the characteristics of the mul- 
tiplication cycles(9,10) as well as other host- 
virus reactions(9,10). 

The ecology of an infectious agent in many 
ways must be a reflection of the character- 
istics of the agent. That a virus can remain 
without inactivation of its important property 
of infectivity under a wide range of conditions 
should permit it to persist in nature either 
within or outside its host. These characteris- 
tics of stability similarly should permit the 
agents to spread from host to host under con- 
ditions which otherwise would make conta- 
gion difficult. Indeed, it may be considered 
that a basic understanding of the biologic and 
bio-physical characteristics of a virus not only 
facilitates insight into the activity of the 
agent in nature, but also permits hypotheses 
to be developed concerning the basic nature 
of the viral particle. 

Summary. Types 1-4 of the new respira- 
tory viruses, termed adenoviruses, were rela- 
tively stable when exposed to temperatures 
ranging from 4°C to 36°C. Type 1-3 viruses 
were inactivated in 10 to 20 minutes at 50°C, 
but the infectivity titer of type 4 virus was 
reduced less than 2 log units (99%) in 20 
minutes. The adenoviruses were also resis- 
tant to inactivation at pH 6.0 to 9.0. The pat- 
terns of inactivation of the 4 viruses by alter- 
ations of pH as well as incubation at 50°C 
were similar, although consistent and signifi- 
cant differences among the 4 types were 
measured. 


The excellent technical assistance of Miss Mary K. 
Dixon is gratefully acknowledged. 
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Effect of Reduced Liver and Kidney Catalase Concentrations on Lethality 


of X Irradiation in Rats.* 


WALLACE FRIEDBERG. 


(22660) 


(Introduced by Arthur C. Upton.) 


With the technical assistance of Mary Elizabeth House. 
Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tenn. 


Hydrogen peroxide, which is toxic to mam- 
mals(1), is a product of the X irradiation of 
water(2). The high percentage of water in 
the body, coupled with the presence of the hy- 
drogen peroxide-reducing enzyme, catalase, in 
most living organisms(3) suggests a possible 
interrelation of X irradiation, hydrogen per- 
oxide, and catalase. 

According to Feinstein et al.(4), about 
75% of the total body catalase in Sprague- 
Dawley rats is present in the liver and an- 
other 7% in the kidneys. Heim ef al.(5) 
have reported that a single injection of 1 g 
of 3-amino-1,2,4-triazole/kg of body weight 
in rats reduces the liver and kidney catalase 
concentration to about 11% of normal in sev- 
eral hours and that it takes more than 72 hr 
for the catalase to return to normal levels. It 
seemed of interest to determine whether re- 


ducing the liver and kidney catalase to low 
levels with this compound would increase the 
number of deaths in X-irradiated rats. 
Materials and methods. Sprague-Dawley 
rats were used throughout. The 3-amino-1, 
2,4-triazole (AT)+ was used in concentrations 
of 50 mg/ml in water. Physiological saline 
(0.9%) was injected into all control animals. 
Both solutions were administered intraperi- 
toneally in volumes of 20 ml/kg of body 
weight 4% hr before either catalase assays or 
X irradiation. The results of the X-radiation 
experiments are shown in Table I. Inasmuch 
as the catialase-reducing effects of AT were re- 
ported for a different strain from that to those 
used in the experiments reported herein, the 
finding was checked. The liver catalase was 
assayed by the perborate method(6) and 
found to be depressed to 15-40% of that in 


* Work performed under USAEC Contract No. 


W-7405-eng-26. 


+ Generously supplied by the American Cyanamid 
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TABLE I. Reduced Liver Catalase and Sensitivity 
to X Radiation (934 r). 


No. of rats 
dying dur- Post-ir- 
Inj.material No.ofrats ing 30-day radiation 
and amt inj. inj.andwt observa- survival 
perkgratwt  range,g tion period time, days 
Jdpgapdl 
AT,1lg 12, 359-412 3 11 
15 
17 
Saline (0.9%), 12, 360-415 4 11 
20 ml iti 
12 
13 
Exp. IIt 
AT,lg 20, 410-560 3 ala 
7 
10 
Saline (0.9%), 20, 400-570 3 a 
20 ml 8 
8 
*Dose rate, 55.6 r/min.; target-rat distance, 
89 cm. : 
+ Dose rate, 51.4 r/min.; target-rat distance, 
105 em. 


the controls. 

The X-ray source was a General Electric 
Maxitron 250 operated at 250 kvp and 30 ma 
with a 3-mm Al filter and inherent filtration 
equivalent to 0.1 mm of Al (beryllium win- 
dow). The hvl was 0.55 mm of Cu. A ro- 
tating circular lucite cage? (outside radius 
17.5 cm) with 8 compartments was used as an 
exposure box. The cage was essentially the 
same in design as the circular mouse cage de- 
scribed by Upton eé a/.(7). Calibrations were 
made with a Victoreen 100-r condenser type 
ionization chamber, the chamber resting on a 
support in the cage and the.thimble in the 
position of the center of the rat. The dose in 
both radiation experiments was 934 r; dose 
rates and vertical distances from the Victor- 
een to the level of the X-ray target were 
slightly different and are indicated in Table I. 

Results. The catalase concentration was 
reduced to about 3% of normal 4% hr after 
injection of AT, confirming a similar finding 
by Heim ef al.(5) for Long-Evans rats. A 
check on the reduction of kidney catalase and 
the long recovery period for liver and kidney 
catalase also reported by these investigators 


does not seem necessary. The average value 
for liver catalase in the saline-injected control 
rats, 0.89 catalase unit, is very close to the 
0.81 previously reported for the same strain 
(6). 

Table I shows mortality data for the X- 
irradiated rats. In the first experiment, the 
radiation dose of 934 r resulted in a 30-day 
LD»; for the AT-injected animals and a 30- 
day LD33 for the saline controls. In the sec- 
ond experiment, the same level of radiation 
gave a 30-day LD,; for both groups. The 
data indicate that a low liver catalase level at 
the time of irradation does not increase the 
lethality of X radiation. Any possible role of 
the blood or blood-producing tissue catalase 
as a radiation protection agent is not eluci- 
dated by these experiments since AT does not 
reduce the blood catalase level(5) and since 
the catalase level in hematopoietic tissue was 
not measured. However, it seems clear that 
individual and strain differences in the lethal 
effects of X irradiation cannot be attributed 
to differences in liver and kidney catalase 
levels. It should be pointed out that the role 
of liver and kidney damage in 30-day irradia- 
tion mortality is not clear. 

Summary. Liver and kidney catalase was 
markedly reduced in rats by the injection of 
3-amino-1,2,4-triazole. X irradiation of these 
animals did not cause more deaths than in 
saline-injected control groups. It was con- 
cluded that differences in liver and kidney 
catalase levels cannot ‘account for differences 
in sensitivity to the lethal effects of X irradia- 
tion. 
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Specific Determination of Proline in Biological Materials.* 
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Paper chromatographic studies on the 
amino acid metabolism of animal tissues cul- 
tivated in vitro(1) have shown that marked 
changes in the amino acid content of synthetic 
medium M 150(2,3) occur during the culti- 
vation period. Medium M 150 contains 60 
ingredients, including 21 amino acids, in a 
modified Tyrode’s solution(4). Its complex- 
ity made it difficult to detect changes in cer- 
tain amino acids, such as proline, that were 
present in low concentration or that reacted 
weakly with ninhydrin. Application of the 
isatin method for proline(5), or various modi- 
fications of this method(6-10), proved unsat- 
isfactory since many other amino acids pro- 
duced colors similar to that of proline. In 
earlier studies from this Laboratory (11-13), it 
was shown that the conventional ninhydrin 
procedure could be made specific for certain 
amino acids by treatment of the chromato- 
grams with dilute acid or alkali subsequent to 
the ninhydrin development. Accordingly, simi- 
lar procedures were tried with the isatin 
method and from these experiments, a specific 
and quantitative method for proline has been 
developed. 

Methods. Samples of media for analysis 
(5.0 ml) were concentrated to dryness im 
vacuo over H.SO, reconstituted in 0.2 ml of 
deionized water, and 10 A portions used, with- 
out desalting. One-dimensional descending 
paper chromatograms were developed for 18 
hours in either 7-butanol-acetic acid-water or 
n-butanol-ethanol-water solvent systems. The 
chromatograms were then dried at 110°C for 
2 to 3 minutes, dipped in isatin reagent (0.4% 
isatin dissolved in n-butanol containing 4% 
acetic acid), and reheated at 110°C for 10 to 
15 minutes. Subsequent ‘treatment of the 
chromatograms, with acid, to produce a selec- 
tive color for proline is discussed in the suc- 


~ was prepared as described earlier(2,3). 


* The cooperation of Mr. C. E. Kerr, of this De- 
partment, in making the photographic preparations, 
is gratefully acknowledged. 


ceeding paragraph. Full details of the gen- 
eral chromatographic procedures have been 
reported(1,11-13)>. Synthetic medium M 150 
) All 
chemicals and reagents were of the highest 
purity obtainable. Spectrophotometric mea- 
surements were made by cutting appropriate 
areas from the chromatograms and fixing 
them to the inner walls of 1 cm Corex cells 
filled with water. Optical densities were then 
determined in a Beckmann, Model DU. Di- 
rect measurements of the color intensity on 
the chromatograms were made with a densi- 
tometer (Welch Densichron). 

Results. Selective development of color 
with proline and isatin. Paper chromato- 
grams of medium M 150 were prepared, de- 
veloped as described, and dipped in the isatin 
reagent. These chromatograms were then 
treated with various combinations of the acid 
and alkali procedures previously found suit- 
able for specific color development with other 
amino acids(11-13). These experiments 
showed that washing the isatin-treated chro- 
matograms with 1 N HCl, and suspending 
them at room temperature for 10 to 15 min- 
utes intensified the blue proline chromogen, 
and at the same time caused almost complete 
fading of all other colored spots. Further 
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WAVELENGTH-mp) 


Absorption curye of proline chromogen, 


500 540 620 


BELG: 1: 

Measurements made in Beckmann, Model DU, 

using 1 em Corex cells containing area cut from 
developed chromatogram. 8 wg proline. 
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loped by isatin, but chromatogram on right subse- 


FIG. 2. Duplicate chromatograms, both deve 
quently dipped into 1 N HCl and washed with water. 1, and 1,, synthetic medium M 150, con- 


taining 20 yg of proline; 2, and 2,, M 150 containing 25 yg of proline; 3, and 33, 5 wg of proline 
in water; 4, and 4,, 10 yg of proline in water; 5, and 5;, 25 wg of proline in water. 
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experiments established that this acid treat- 
ment bound the proline color so firmly to the 
paper chromatograms that the excess isatin 
reagent could be removed without eluting the 
proline chromogen. This was accomplished 
by washing with distilled water while the 
chromatograms were still damp. In this way, 
clear and distinct blue proline spots were ob- 


tained on a perfectly white background, free _ 
from any contamination with other amino 


acids. The absorption curve of this proline 
color is presented in Fig. 1 and shows a maxi- 
mum at 600 mp, with a broad plateau be- 
tween 580 and 620 my. The absorption curve 
of the proline and isatin chromogen does not 
appear to have been reported previously. 
Application of specific proline method to 
complex synthetic media. The application of 
this method to synthetic medium M 150 con- 
taining different levels of proline and hy- 
droxyproline is illustrated in Fig. 2, showing 
2 identical chromatograms, both developed 
by the conventional isatin procedure(5,6), 
but the second subsequently dipped into 1 N 
HCl and washed with water until the orange- 
yellow background color of the isatin reagent 
has been removed. By the conventional pro- 
cedure (Fig. 2, 1, and 2,), the presence of 
20 and 25 yg of proline can be seen (L re- 
gion), but interpretation of the chromatogram 
is made difficult by the large number of other 
amino acids also showing color development 
with isatin, and by overlapping of the proline 
spot with alanine (K) and tyrosine (M). 
Application of the new procedure (Fig. 2, 1s 
and 23) removes the interfering amino acids 
and proline is left as the only spot. The com- 
parative behaviour of proline (L region) and 
hydroxyproline (H region) is also shown on 
these chromatograms. By the conventional 
isatin procedure (Fig. 2, 3; to 51), 5, 10, and 
25 wg of proline show distinct color develop- 
ment, while the same quantities of hydroxy- 
proline show only slight color formation. Ap- 
plication of the new procedure (Fig. 2, 33 to 
53) clarifies the proline color development 
and, at the same time, completely removes the 
hydroxyproline color. 


Quantitative measurement of proline by the 
new procedure. The gradation in color in- 


0.2 4 6 8 0 Damamine 
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FIG. 3. Standard eurves for graded concentrations 
of proline in M 150. Curve A, measurements made 


in Beckmann at 600 mu. Curve B, measurements 

made on chromatograms with a densitometer. All 

points represent avg values from 10 separate chro- 

matograms containing total amounts of proline 
specified. 


tensity with graded concentrations of proline 
(Fig. 2, 33 to 53) suggested that this procedure 
might be made quantitative. Attempts to 
elute the proline color with water, dilute HCl, 
dilute NaOH, methanol, ethanol, butanol, 
propanol, acetone, carbon ‘tetrachloride, or 
benzene were unavailing, even though the ex- 
tractions were performed with mechanical 
shaking until the filter paper was reduced to 
a pulp. Attempts were then made to deter- 
mine proline directly on the chromatograms, 
employing a densitometer to measure peak 
density of graded levels of this amino acid. 
Following these measurements, the proline 
areas were cut from the chromatograms, 
placed on the inner walls of 1 cm absorption 
cells containing water, and the color intensity 
measured in a spectrophotometer at 600 my, 
employing as a blank a cuvette containing un- 
treated filter paper. By careful placement of 
the proline spot to cover the center of the cu- 
vette face, accurate measurements of peak 
density were obtained. The standard curves 
obtained by these two methods, based on the 
average results from 10 separate chromato- 
grams containing graded amounts of proline, 
are presented in Fig. 3. By the spectropho- 
tometer method (Fig. 3, Curve A), a linear 
response is exhibited over the concentration 
range of 1 to 16 wg. With the densitometer 
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method (Fig. 3, Curve B), linearity is main- 
tained from 1 to 6 wg, then falls off. Attempts 
to maintain linearity by measuring both area 
and peak density were unsuccessful, and, for 
this reason, the spectrophotometer method is 
recommended for use. 


Discussion. The isatin method has been 
used for determination of proline in known 
amino acid mixtures(5-10) but application of 
this method to complex biological media is 
difficult, since many other amino acids form 
colored complexes resembling that of proline. 
The present experiments have shown that the 
isatin method can be made specific for pro- 
line by subsequent treatment of the chromato- 
grams with dilute acid. The chief advantages 
of this new procedure are simplicity and de- 
gree of specificity achieved. Moreover, use 
of this method with synthetic medium M 150 
precludes interference by approximately 60 
substances of biological importance, including 
amino acids, purines, pyrimidines, vitamins, 
and accessory growth factors. In addition, 
this method does not require desalting, even 
though the concentration of inorganic ions 
in the synthetic medium is high. Binding of 
the proline chromogen to the paper and fading 
of the isatin colors of the other amino acids 
resulting from the acid treatment makes it 
possible to apply this method under condi- 
tions of poor separation and resolution on the 
chromatograms. Quantitative studies have 
established that the intensity of the color is 
linear over a concentration range of 1 to 16 
vg of proline. This range is sufficient to 
measure the levels of proline normally en- 
countered in natural substances. The appli- 
_ cation of this method for proline, in conjunc- 


tion with the specific method for hydroxypro- 
line previously reported(13), makes it pos- 
sible to determine selectively each of these 
amino acids in biological materials. 

Summary. A specific method for determin- 
ing proline is reported, based on treatment of 
isatin-developed paper chromatograms with 
dilute acid. None of the 20 other amino acids 
of synthetic medium M 150, including hy- 
droxyproline, reacted by this procedure. The 
proline chromogen exhibits an absorption 
maximum at 600 my. The color is remark- 
ably stable and can be used for the quanti- 
tative determination of proline over the range 
of 1 to 16 pg. 
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Activity as an essential growth factor for 
L. bifidus var. pennsylvanicus(1) is exhibited 
by a number of substances of high or low 
molecular weight, but all containing N-acetyl- 
D-glucosamine. Among the low molecular 
weight compounds with comparably high mi- 
crobiological activity are such different types 
as the alkyl-N-acetyl-8-D-glucosaminides and 
4-0-8-galactopyranosyl - N - acetyl - D-glu- 
cosamine; active large molecules include the 
mucopolysaccharides of human milk and the 
blood group substances. Free N-acetyl-D- 
glucosamine itself has some growth-promoting 
effect but is of the order of 1 to 2% as active 
as the bound forms. A cell-free extract from 
L. bifidus var. pennsylvanicus(2) inactivates 
the various forms of bifidus factor with re- 
lease of N-acetyl-D-glucosamine and _ the 
other constituent monosaccharides. Watkins 
and Morgan(3) found that the action of an 
enzyme preparation from Trichomonas foetus 
on blood group substances was inhibited by 
the presence of certain simple saccharides 
acting, presumably, in competition with cor- 
responding structures in the blood group sub- 
stances. These experiments suggested that 
further information about the essential struc- 
ture and mode of action of the “bifidus fac- 
tor’ might be obtained by studying the effect 
of simple sugars, particularly those which are 
components of the bifidus factor, on the ac- 
tivity of the enzyme preparation from L. bi- 
fidus var. pennsylvanicus. In other experi- 
ments the direct effect of these sugars on the 
growth of L. bifidus var. pennsylvanicus was 
tested. A number of sugars, notably D-galac- 
tose, N-acetyl-D-glucosamine and L-fucose 
were found to inhibit the enzymatic decom- 
position of the mucopolysaccharides from hu- 
man milk and hog gastric mucin. Most strik- 
ing was the very marked effect of fucose with 
the bifidus factor of human milk. An in- 
hibitory effect of fucose could also be ob- 


served in vivo. It markedly inhibited the 
growth of L. bifidus var. pennsylvanicus when 
tthe source of the bifidus factor was human 


milk but not when other forms of bifidus fac- 


tor were used. 

Materials and methods. Most of the enzy- 
matic studies and in vivo microbiological tests 
were made with the bifidus factor of human 
milk and hog gastric mucin. In addition to 
skimmed milk itself, a deproteinized non- 
dialyzable fraction and a slowly-dialyzable 
fraction were tested. Hog gastric mucin was 
suspended in water and centrifuged to remove 
any insoluble portion. No purified fractions 
were used. For comparison with these high 
molecular weight forms of bifidus factor N- 
acetyl-D-glucosamine, 4-O-8-galactopyrano- 
syl-N-acetyl - D-glucosamine and ethyl - N- 
acetyl-8-D-glucosaminide were used. The 
ethyl glycoside was present as approximately 
20% of an a-8 mixture. The a-form is inert 
in the test. The preparation of the cell-free 
extract of L. bifidus var. pennsylvanicus has 
been described(2). The lyophilized material 
contains about 20% of protein. In most of 
the experiments the concentration of the en- 
zyme preparation was 2 mg per ml for milk 
or preparations from milk and 5 mg per ml 
for mucin. These concentrations gave ap- 
proximately equal rates of inactivation of the 
two substrates. Human milk was tested in a 
1 to 4 dilution, mucin and the non-dialyzable 
preparations from milk at 5.mg per ml and 
the dialyzable milk fraction at 7.5 mg per ml. 
Inhibitors were tested first at a level of 4%. 
In later experiments active substances were 
studied at higher and lower concentrations. 
All experiments were carried out at pH 6.0 
in phosphate buffer. Samples were incubated 
at 37° under toluene. Aliquots were with- 
drawn at desired intervals, diluted to a con- 
centration suitable for assay and heated 10 
minutes in boiling water to inactivate the en- 
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TABLE I. Effect of L-Fucose and D-Galactose on Microbiological Inactivation of and Release 
of N-Acetylhexosamine from Bifidus Factor by Means of Bifidus Enzyme. 


—————Control—_,_ ————-Fucose—,__ ——— Galactose —_, 
N-acetyl- N-acetyl- N-acetyl- 
Activity,* hexosa- Activity, hexosa- Activity, hexosa- 

Substrate Hr % loss mine,t % % loss mine, % % loss mine, % 
Non-dialyzable 1 10 ~ 30 ay 19 2 10 
fraction from 6 72 68 20 44 27 42 
human milk 19 89 90 53 54 64 70 
48 93 93 60 75 78 90 
Hog gastric mucin 1 28 24 10 10 4 8 
6 31 50 16 34 4 29 
19 48 72 31 Dik 25 34 
48 89 89 73 76 64 64 


* Both substrates had an initial microbiological activity of approximately 2 units/mg. 
t N- -acetylhexosamine values are calculated as % of total amount which is released when 


substrate is completely inactivated. 


zymes. N-acetylhexosamine was determined 
by a modification of the method of Aminoff 
et al.(4). The procedure for the microbio- 
logical assay of bifidus factor has been re- 
ported(5). The basal medium containing en- 
zymatically digested casein corresponded to 
that of Hassinen e¢ al.(6) modified by the ad- 
dition of 1 g of “Tween 80” per liter of dou- 
ble strength medium. The effect of sugars, 
particularly fucose, was tested not only with 
L. bifidus var. pennsylvanicus, but also with 
the regular strain which does not require bi- 
fidus factor(7). 

Results. Galactose and fucose inhibited 
the enzymatic splitting of the polysaccharides 
of both human milk and gastric mucin. A 
typical experiment is shown in Table I. Both 
release of N-acetylhexosamine and loss of 
microbiological activity were delayed. In 
other experiments the effect was shown to be 
proportional to the amount of galactose or 
fucose present. Similar results were obtained 
with lactose which is hydrolyzed by the bi- 
fidus enzyme preparation. The effect of N- 
acetyl-D-glucosamine could not be as con- 
veniently studied. The amounts of sugar used 
as inhibitor were much larger than those 
which would be released from the substrates 
so that N-acetyl-hexosamine could not be 
measured. Also, since N-acetyl-D-glucosa- 
mine is a growth stimulant it was necessary 
to remove it from the reaction mixture by 
dialysis before estimation of microbiological 
activity. The results of the experiments car- 
ried out indicated that N-acetyl-D-glucosa- 


mine did act as an inhibitor of the bifidus en- 
zyme. 

Galactose and N-acetyl-D-glucosamine had 
a greater inhibiting action with mucin than 
with human milk fractions. In many experi- 
ments in which the release of N-acetylhexos- 
amine was followed the galactose effect with 
human milk was limited chiefly to the first 
hours of the experiment whereas with mucin 
it was quantitatively greater and more pro- 
longed. With N-acetyl-D-glucosamine the 
rate of inactivation of milk polysaccharides 
was only moderately slower than that of the 
controls. With mucin the effect of N-acetyl- 
D-glucosamine seemed more persistent. Even 
after prolonged incubation about 30% of the 
initial activity was left while the control was 
completely inactive (Table II). Fucose, 
however, was most active with the milk poly- 
saccharides and the extent of inhibition was 
greater than any observed effect of galactose 
or N-acetyl-D-glucosamine. This observation 
was confirmed in repeated tests. The effect 
appeared to depend primarily on the concen- 
tration of fucose rather than on a competitive 
action with the substrate. Marked inhibition 
of release of N-acetylhexosamine had been 
shown with 4% fucose and 0.5% of the non- 
dialyzable fraction of milk. With lower levels 
of fucose, 0.06 to 2%, inhibition was demon- 
strated with levels of substrate from 0.15 to 
5%. 

Of a number of other sugars tested only 
methyl-a-L-fucopyranoside and 1-acetamino- 
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TABLE Il. Effect of N-acetyl-D-glucosamine on 
Inactivation of Bifidus Factor by Bifidus Enzyme. 


Activity (%) 
N-ac-glu- 


Substrate Hr Control cosamine 
Non-dialyzable 1 79 88 
fraction from 6 32 41 
human milk 24 17 30 
48 <li 11 
80 <5 a5 
Hog gastric mucin 1 82 89 
6 62 62 
24 49 se! 
48 <5) 56 
80 aah 31 


lactose were active. D-Glucose, L-fructose, 
L-rhamnose and L-arabinose were essentially 
without effect. 

In the microbiological assay of samples 
from the enzyme tests it became apparent 
that, in some cases, the presence of L-fucose 
was inhibiting the growth of ZL. bifidus var. 
pennsylvanicus. When this observation was 
tested systematically, with varying amounts 
of fucose in the medium and with different 
forms of bifidus factor, it was found that in- 
hibition occurred when bifidus factor was sup- 
plied as human milk or fractions from hu- 
man milk, but not when other forms of bifidus 
factor were used (Table III). The effect was 
appreciable with 0.1% of fucose in the me- 
dium and increased with larger amounts of 
fucose. The effect was greater with sub- 
optimal levels of bifidus factor. Fucose was 
equally effective whether it was autoclaved 
with the medium or added aseptically to pre- 
viously autoclaved medium. Methyl-a-L- 
fucopyranoside which inhibited the bifidus 
enzyme had no effect 7m vivo. Up to a level 
of 0.5% fucose did not inhibit or retard the 
growth of the regular, non-milk-requiring 
strain of L. bifidus. The medium for L. bi- 
fidus contains lactose as carbohydrate. The 
organism does not grow as well with either 
glucose or galactose. These monosaccharides 
were tested for possible inhibitory effect. No 
inhibition was found when they were added 
in concentration up to 1%. 

Discussion. The mucopolysaccharide of 
human milk, like the blood group substances, 
contains N-acetyl-D-hexosamine, D-galactose 
and L-fucose. It differs from the blood group 


substances in that it contains glucose and that 
the hexosamine is almost entirely glucosa- 
mine while all of the blood group substances 
have an appreciable proportion of galactosa- 
mine. Structure of a hexasaccharide unit of 
the milk polysaccharide has been reported by 
Kuhn(8) but the position of this unit in the 
substance as it occurs in milk is still to be 
worked out. The hexasaccharide contains 2 


‘molecules of L-fucose in a-fucopyranosidic 


linkage. The L-fucose of the blood group 
substances is also present as an a-fucopyrano- 
side, but its position in the whole oligosaccha- 
ride is not known and is probably not the 
same for all of the blood group substances 
(cf 9). Kuhn and Osman(10) have shown 
that the fucose-containing oligosaccharides of 
human milk have very low blood group O(H) 
activity not only in comparison with the blood 
group substance but also in comparison with 
simple a-fucopyranosides and L-fucopyranose. 

In earlier experiments with the L. bifidus 
enzyme preparation loss of microbiological ac- 
tivity was known to be accompanied by in- 
crease of reducing sugar, and release of N- 
acetyl-D-glucosamine was revealed chroma- 
tographically. In the present experiments re- 
lease of N-acetyl-D-hexosamine in a form 
measurable by the Morgan-Elson reagent, was 
followed quantitatively and was found to par- 
allel closely the degree of microbiological 
inactivation with enzyme alone or in the pres- 
ence of galactose or fucose. Approximately 
75 y of N-acetyl-D-glucosamine was released 
for each unit of activity lost. Of the 4 com- 
ponents of the mucopolysaccharides tested 
only glucose was without effect. The other 
sugars exhibited the type of inhibition which 
might be expected from the presence of an 


TABLE III. Growth of L. bifidus var. pennsyl- 
vanicus with and without Fucose. 
Acid production 
(ml of N/10) 
No 0.15% 
Supplement of bifidus factor fucose fucose 
Skimmed human milk, .06 ml 8.5 5.3 
Non-dialyzable fraction from 10.5 8.7 
human milk, .6 mg ; 
Dialyzable fraction from human 7.5 5.0 
milk, 1.5 mg 
Hog gastric mucin, .5 mg ot 9.4 
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end product. Only in the case of fucose with 
the milk polysaccharide was there indication 
of a more specific effect. Jn vivo only fucose 
exerted an inhibitory effect. This inhibition 
was limited to the milk polysaccharide and 
could not be demonstrated with hog gastric 
mucin or low molecular weight forms of bi- 
fidus factor. Neither did fucose have any ef- 
fect on the growth of strains of L. bifidus 
which do not require the bifidus factor. The 
position of fucose in the milk polysaccharide 
appears to give it distinctive properties with 
respect to activity as bifidus factor. 
Summary, 1. The effect of the constituent 
monosaccharides on the enzymatic inactiva- 
tion of high molecular forms of bifidus factor 
has been studied. The most marked effect 
was observed with fucose when it was used 
with human milk or purified fractions from 
human milk. 2. The significance of this ef- 
fect of fucose on the inactivation of the bi- 
fidus factor im vitro was emphasized by the 
experiments in vivo. L-Fucose markedly in- 
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hibited growth of L. bifidus var. pennsylvani- 
cus when the source of bifidus factor was hu- 
man milk, but not when it was supplied as 
mucin or the simple N-acetyl-D-glucosamine- 
containing compounds. 
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Certain amino acids, nucleoprotein deriva- 
tives and analogues as well as various other 
compounds, previously have been reported to 
inhibit propagation of Theiler’s GD VII virus, 
in vitro(1-5). In the present study some ad- 
ditional chemicals have been tested. A pre- 
liminary report was given elsewhere(6). 

Methods. Tissue cultures of minced brain 
tissue from newborn mice were made in 50 
ml stoppered, Erlenmeyer flasks. 
contained 50-100 mg of tissue in 3 ml Simms’ 
solution at pH 8-9 and approximately 100 in- 
tracerebral MLD35p of a tissue culture passage 
strain of Theiler’s GD VII mouse encephalo- 
myelitis virus. After incubation at 35-36°C 


* Aided by a grant from the National Institutes of 
Health. 


Each flask - 


for 2 days the pooled supernatant fluids ob- 
tained by centrifugation of the contents of 3 
flasks were tested for viral content by hemag- 
glutination of human red cells. Ordinarily 
titers of 1280-2560 are obtained by this pro- 
cedure. The structure of the hydroxycytidine 
used as prepared in this laboratory has not 
been established with certainty. The Metu- 
chen was kindly furnished by Dr. F. M. Ber- 
ger, Wallace Laboratories, the thiosemicarba- 
zone compounds by Dr. R. L. Thompson, 
Sterling-Winthrop Research Institute. 
Results. ‘Table I gives results of tests with 
various chemicals. Of the substituted pyri- 
midine nucleosides, the cytidine compounds 
are slightly more inhibitory than are the cor- 
responding derivatives of uridine. Some of 
the naturally occurring deoxyribosyl nucleo- 
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TABLE I. Percentage Reduction of Hemagglutin- 
ation Titers of Virus in Presence of Certain Com- 


pounds. 
% reduction of 
Compound titer 

5 sit 

Nucleosides mg/ml mg/ml 
5-bromocytidine 98 0 
5-chloroeytidine 95 0 
5-hydroxycytidine 90 50 
5-hydroxyuridine 75 0 
deoxyadenosine 75 0 
deoxycytidine 0 = 
deoxyguanosine 75 50 
3 1 

mg/ml mg/ml 
5-bromodeoxyuridine — 0 
5-hydroxydeoxyuridine — 0 
thymidine 0-50 0 
deoxyadenosine 100 95 
deoxyeytidine 50 0 
deoxyuridine a 0 


Pyrimidine derivatives 


deoxycytidine-5’-phosphate — 0 
2-amino-4 methylpyrimidine 100 0 
4,6-diamino-2-thiopyrimidine 90 85 
2,4-dichloropyrimidine 0 = 
2,4-dichloro-6-methylpyrimidine 0 —_ 
5-bromouracil — 50 
2-thiouracil 50 0 
propylthiouracil 100 75 
5-methyl-2-thiouracil 90 0 
6-methyl-2-thiouracil 100 0 
al 01 
Thiosemicarbazones mg/ml mg/ml 
butane-2,3-dione-2-methoxime 3- 85 50 
2-thenaldehyde- 50 0 
5-bromo-2-thenaldehyde- — 0 
2,3-butane oxime- — 0 
alt 05 005 
Other chemicals mg/ml mg/ml mg/ml 
chlorpromazine = 100 50 
quinine dihydrochloride 100 — 0 
bacitracin 90 50 == 
polymyxin | 
penicillin r 50 — — 
erythromycin | 
mycostatin 0-50 —_— — 


sides were inhibitory as were also some of the 
ribosyl nucleosides(3). The compounds 
listed under pyrimidine derivatives varied in 
their capacity to inhibit virus. Two of the 4 
thiosemicarbazones tested were inhibitory. 
The more active of the 2 was previously found 
by others to be the most inhibitory for vac- 
cinia virus(7). Of the other chemicals used, 
chlorpromazine and one not listed in Table I, 
Metuchen (2,3 - diethyl - 3 - propanediol di- 
carbamate), are known to have effects on the 


CNS. The latter compound was not active 
at a concentration of 0.1 mg/ml but did give 
75% reduction in hemagglutination titer at a 
concentration of 1 mg/ml and complete in- 
hibition at 3 mg/ml. Chlorpromazine was as 
inhibitory as any drug ever tested in our sys- 
tem. An in vivo trial of the drug was made 
in the following manner. Groups of 10 al- 
bino Swiss mice (10-15 g) were each given 
intraperitoneally (i.p.) 1 mg of chlorproma- 
zine daily (2 mg daily is lethal). A control 
group of mice ‘received saline instead of chlor- 
promazine. Seven hours after the first dose 
of drug and immediately prior to the second 
dose, each mouse was given an intracerebral 
(i.c.) injection of 0.03 ml of tissue culture 
virus (approx. 1-10 MLDso9). The test mice 
died 3 to 8 days after virus injection as fol- 
lows 3,3,3,3,7,7,7,7,7,8; deaths of control 
mice were at 4,7,7,7,8,9,10 days and 2 sur- 
vived. In a second experiment drug treat- 
ment was given as above daily beginning on 
the third day after virus inoculation. Mice 
died on the days indicated after virus injec- 
tions; test mice, 5,5,6,7,7,10,11, 3 survivors; 
control mice, 4,6,7,7,10,10,10, 2 survivors. 
The drug did not protect mice from viral 
death. The early deaths in the first experi- 
ment possibly resulted from a combination of 
viral effect and drug toxicity. 

Bacitracin polymyxin, penicillin and eryth- 
romycin were found to inhibit virus; strepto- 
mycin, tetracycline, oxytetracycline and 
chloramphenicol did not inhibit. Mvycostatin 
irregularly gave inhibition; possibly this ir- 
regularity is associated with the poor solubil- 
ity of the drug. Polymyxin was used to treat 
mice which had received 1 MLDso of virus 
i.c. 3 days previously. The mice were given 
0.2 mg i.p. daily; control mice received saline. 
Control and test mice died 5-9 days after virus 
injection. The drug did not affect the infec- 
tion in mice. Under the conditions of this ex- 
periment 0.3 mg daily of polymyxin was a 
fatal dose. 

Inhibition of virus by 5-hydroxyuridine 
was reversed by uridine-5’-phosphate as shown 
in Table II. Comparable reversal of this in- 
hibition also occurred with uridine(3). 

Glutamine has been found by others(8) to 
be necessary for the propagation of poliovirus 


ij 
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in HeLa cell tissue cultures. This compound 
inhibited GD VII virus in our tissue culture 
system. The hemagglutination titer was re- 
duced 75% by a concentration of 0.1 mg/ml. 

Discussion, Uridine does not inhibit virus 
and partially reverses inhibition produced by 
some substituted uridine nucleosides(3). As 
shown above uridine-5’-phosphate also re- 
verses the inhibitory effect of the nucleoside 
derivative, 5-hydroxyuridine. The greater 
activity of cytidine derivatives in comparison 
with uridine derivatives as shown here is simi- 
lar to the findings for Neurospora(9). Al- 
though chlorpromazine was active, in vitro, it 
failed to influence the infection in mice. The 
quantity used in the tests was nearly the maxi- 
mal amount tolerated since it was found in 
preliminary studies that 2 mg daily was a 
lethal dose. The dose of 1 mg used resulted 
in generalized muscular weakness from which 
recovery was gradual and not complete as 
long as 24 hours later. The drugs tested prob- 
ably did not act by interfering directly with 
ithe hemagglutination test since control tests 
with representative drugs from each group 
and virus incubated for 1 hour at room tem- 
perature gave the same hemagglutination titer 
as virus alone with one partial exception; the 
RBC sediment pattern in the presence of 0.1 
mg/ml quinine dihydrochloride did not have 
as definite an endpoint as the control tube 
with virus. 

Summary. Certain pyrimidine-related-com- 
pounds inhibit Theiler’s virus, im vitro. In- 
hibition by 5-hydroxyuridine is partially re- 


TABLE II. Reversal of 5-Hydroxyuridine Inhibi- 
tion by Uridine-5’-phosphate. 


% reduction 
of hemagglu- 
tination titer 


5-hydroxyuridine, .5 mg/ml 75 

Uridine-5’-phosphate, .6 mg/ml 0 

5-hydroxyuridine, .5 mg/ml + uridine- 50 
5’-phosphate, .6 mg/ml 

5-hydroxyuridine, .5 mg/ml + uridine- 0 


5’-phosphate, 1 mg/ml 


versed by uridine-5’-phosphate. Of various 
other chemicals found to inhibit virus, in vitro, 
chlorpromazine and polymyxin did not pro- 
tect mice from viral infection. 
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Relation of Endocrines and Clearing Factor Inhibitors to Hyperlipemia in 


Fasted Animals.*t 


(22664) 


JOSEPH SEIFTER AND DaAvip H. BAEDER. 
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A variety of substances inhibit the clearing 
action of lipoprotein lipase im vitro. These 


"* Presented in part at Fed. Am. Soc. Exp. Biol., 
April 16-20, 1956, Atlantic City, N. J. 

+ We wish to acknowledge the technical assistance 
of Wm. H. Bechmann, J. Dachiw, J. R. Howitz, 
M. R. Klenk, E. E. Livingston, Jr. and R. Reifsnyder. 


include protamine(1), polylysine(2), diisopro- 
pylfluorophosphate (DFP) (3), iodinated thy- 
ronines(4), Na cholate(5), and an inhibitor 
(LM) present in plasma of rats receiving cor- 
tisone(6). Of these protamine(7), polylysine 
(2), Na cholate(5), and LM(8) have been re- 
ported to produce hyperlipemia when injected 
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into intact animals, presumably by inactivat- 
ing lipoprotein lipase im vivo. LM, appar- 
ently produced by the pituitary, induced hy- 
perlipemia in adrenalectomized and hypophy- 
sectomized rats and may be considered to 
either activate the fat depots or to inhibit 
lipoprotein lipase. It was of interest there- 
fore to establish whether other hyperlipemia 
inducing agents act similarly. The failure of 
these to produce hyperlipemia in the absence 
of the adrenals or pituitary would suggest 
that the effect in intact animals could not be 
due to direct inactivation of lipoprotein lipase 
in vivo but rather the result of mediation 
through release of LM. 


Materials and methods. To demonstrate 
the effect of food intake on the hyperlipemia 
inducing action of LM, 6 groups of 5 male 
and 5 female Wistar strain rats weighing 125- 
150 g were used. Three groups were main- 
tained on the laboratory basal diet of Purina 
Chow checkers containing 5% fat up to the 
time of injection (Category A) and 3 groups 
were fasted for 20 hours preceding injection 
(Category B). Neither category received food 
from the time of injection until bled. One 
group of each received 5 mg LM/kg either 
IV, IP or IM. Blood samples were obtained 
at the end of 2 hours. For the other rat 
studies all animals were fasted 18-24 hours 
and all injections were made into the recur- 
rent saphenous vein. Solutions of compounds 
to be tested were freshly prepared in physio- 
logical salt solution just prior to use and the 
concentration was adjusted so that 0.1 ml/ 
100 g of body weight was administered. 
Blood was obtained by cardiac puncture 
through the open chest while the animal was 
under light ether anesthesia. At this time it 
was verified that the stomach of fasted rats 
contained no food. The blood was mixed 
with 0.1 M Na citrate (1:9) and centrifuged 
in a constant temperature room (5° + 1°C) 
until separation of the plasma occurred. To- 
tal cholesterol was determined by the method 
of Schoenheimer-Sperry(9), total fatty acids 
by that of Stoddard and Drury(10), and lipid 
P by that of Fiske and SubbaRow(11). 
Adrenalectomized rats maintained on Purina 
Chow checkers and 0.9% NaCl in their drink- 


ing water, and hypophysectomized rats fed 
white bread, Pard dog food, and oranges were 
used 10-14 days after operation. Complete- 
ness of adrenalectomy and hypophysectomy 
was checked in each rat at autopsy. In an- 
other study 3 male and 3 female mongrel dogs 
previously fasted for 18 hours were injected 
intravenously as described below. The pre- 
vious diet of these. dogs contained approxi- 
mately 5% fat. Lipid values were deter- 
mined, as described for the rats, on blood 
samples obtained from the recurrent saphe- 
nous vein before, during, and after each ex- 
periment. At least 7 days were allowed be- 
tween studies and blood samples were drawn 
during these intervals. 

Protamine sulfate (Lilly) of fish origin 
was administered to 20 fasted intact rats, 20 
fasted adrenalectomized rats, 20 fasted hypo- 
physectomized rats and to the dogs in doses 
of 10 mg/kg. Blood samples were obtained 
from rats 1 hour after the injection and from 
dogs at hourly intervals for 6 hours. DFP 
supplied by Drs. John W. Gofman and Ber- 
nard Shore was administered to dogs in doses 
of 0.05, 0.10, and 1 mg/kg and to 7 fasted 
intact rats, 7 fasted adrenalectomized rats 
and 7 fasted hypophysectomized rats in a 
dose of 1 mg/kg. Blood samples were ob- 
tained from the dogs at hourly intervals for 
the first 6 hours after injection and at the 
24th hour and from rats 2 hours after imjec- 
tion. Pseudomonas polysaccharide (Piro- 
men, Travenol Laboratories) was adminis- 
tered to 20 fasted intact rats, 20 fasted adren- 
alectomized rats and 20 fasted hypophysec- 
tomized rats in a dose of 50 ng/kg. Blood 
samples were taken 2 hours after the injec- 
tion. The lipid mobilizer (LM) was prepared 
from the plasma of cortisonized horses as pre- 
viously described(8) and was administered to 
20 fasted intact rats, 20 fasted adrenalecto- 
mized rats and 20 fasted hypophysectomized 
rats and to the dogs in 1 mg/kg doses. Blood 
samples from rats receiving LM were ob- 
tained 1 hour after injection and from dogs 
at hourly intervals for the first 6 hours and 
at the 24th hour. 


Results. Table I shows that injections of 
LM produced _ hypercholesterolemia only 
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TABLE I. Effect of Food Intake on Hypercholes- 
terolemia Produced by LM in Rats. 


Total plasma cholesterol (mg %)* 


IV IM Ie 
Fasted 184.3435 1486+3.2 168.6 + 3.6 
Non-tasted  60:0552.6 61.8+2.0 64.024+1.8 


* Avg 10 rats/group + S.D. 


when injected into fasted rats but not in those 
which had received food up to the time of in- 
jection. The hyperlipemia in fasted rats re- 
ceiving LM is illustrated in Fig. 1 and the 
values for each lipid component represent the 
averages for 20 rats (S.D. + 5%). The hy- 
perlipemic action did not depend upon the 
presence of either adrenals or pituitary. Fig. 
2 shows the degree of hyperlipemia in rats 
receiving protamine. Similar results were ob- 
tained with rats administered either DFP or 
piromen. As with LM, in intact rats they 
produced a 2-3 fold elevation of all classes of 
lipids and a marked increase in optical den- 
sity. In contrast, however, neither protamine, 
DFP nor piromen produced hyperlipemia in 
the absence of either adrenals or pituitary. 
The rats administered the DFP had convul- 
sions and those given piromen had elevated 
rectal temperatures of at least 2.5-3°C. In 
the dogs receiving LM there was a 2-3 fold 
increase in all lipid components in 90-180 
minutes which persisted for at least 3 hours. 


=| Optical Density 


NO DRUG 


ap Total Cholesterols mg% 
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The plasma lipid values were in the normal 
range 24 hours after injection. Protamine 
administered to these same dogs at a later 
date also produced an increase in plasma 
lipid values, but the effect was less intense, 
of shorter duration, and the dose required 
was 10 times greater than that of LM. Simi- 
lar administration of DFP to these dogs also 
produced hyperlipemia resembling that pro- 
duced by protamine, but this occurred only 
after convulsant doses. The hyperlipemia 
did not appear after the dogs were adminis- 
tered non-convulsant doses of DFP although 
they exhibited unequivocal signs of anti- 
cholinesterase effects. 


Discussion. ULM induced hyperlipemia 
only in animals that were primed for lipid 
mobilization by starvation. It should be 
pointed out that all animals used in our 
studies were maintained on a low fat diet. In 
previous investigations of lipid mobilization 
diet, degree of fasting, or pretreatment with 
glucose had marked influences on the response 
(12). Of the many substances that produce 
hyperlipemia, particular significance has been 
attached to protamine(7) because this com- 
pound is considered to be a specific antagonist 
of heparin. Therefore the hyperlipemia it in- 
duces has been attributed to inactivation of 
lipoprotein lipase and has been presented as 


a Total Fatty Acids mg% 


HUN Lipid P mg% 


INTACT 


HYPEX 


FIG. 1. Hyperlipemia by 1 mg LM/kg IV in rats (1 hr p inj.). 
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E33 Optical Density 

Total Cholesterols mg % 
' 3 Total Fatty Acids mqg% 
MO Lipid Pmg% 


FIG. 2. Hyperlipemia by 10 mg protamine SO,/kg IV in rats (1 hr p inj.). 


evidence for the presence of heparin in the 
enzyme. However, the effective dose of pro- 
tamine(7) is far in excess of that needed to 
neutralize the amounts of circulating heparin 
that can be detected by present methods and 
is within the toxic range that activates the 
pituitary and adrenals(13). Of particular 
significance is the large dose of protamine re- 
quired to produce the hyperlipemia which was 
less intense than that produced by LM. Ad- 
ministration of larger doses resulted in more 
intense hyperlipemia which was accompanied 
by gross hematuria, prolonged shock with ter- 
minal asphyxial convulsions. The failure of 
protamine to produce hyperlipemia in adren- 
alectomized and hypophysectomized rats es- 
tablishes that the action was not due to a 
direct effect on lipoprotein lipase but was 
mediated through the adrenal-pituitary sys- 
tem. Spitzer has also presented indirect evi- 
dence that protamine hyperlipemia involves 
more than anti-heparin activity(14). Shore 
has demonstrated that DFP is a potent in- 
hibitor of lipoprotein lipase im vitro(3). 
Therefore administration of DFP in amounts 
to achieve similar concentrations in the 
plasma should result in hyperlipemia as a 
consequence of inactivation in vivo. We 
could observe no hyperlipemia in intact ani- 
mals until convulsions had occurred which 
required administration of several times this 


amount. Furthermore, the hyperlipemia did 
not occur in adrenalectomized or hypophysec- 
tomized rats receiving the same doses and 
exhibiting convulsions. These results estab- 
lish that the hyperlipemia due to DFP is a 
non-specific one mediated through the adren- 
als and pituitary and is not related to its 
anti-lipoprotein lipase activity. Since LM 
was obtained only from animals with intact 
pituitaries and induced hyperlipemia in the 
absence of either the adrenals or pituitary, 
it may be assumed to be released through the 
pituitary and to be the mediator through 
which stressors act as hyperlipemic agents. 
Administration of heparin releases lipopro- 
tein lipase, but more direct evidence than hy- 
perlipemia produced by protamine or DFP 
is needed to establish the presence of a 
heparin moiety in this enzyme or that it is 
involved in the physiologic or pathologic 
transport of lipids. The results with piromen 
establish that this agent also induced hyper- 
lipemia by activating the pituitary and 
adrenals. Piromen has not been shown to 
inactivate lipoprotein lipase and therefore 
furnishes an excellent example of a non-spe- 
cific stressor activating the pituitary-adrenal 
system to produce hyperlipemia. 

Summary. 1. LM produced hyperlipemia 
only in animals primed for lipid mobilization. 
2. Intravenous injection of toxic doses of pro- 
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tamine sulfate, convulsant doses of diisopro- 
pylfluorophosphate and pyrogenic doses of 
piromen produced hyperlipemia in intact ani- 
mals. 3. The same doses of these substances 
injected into adrenalectomized and hypophy- 
sectomized rats did not produce hyperlipemia. 
4. The hyperlipemic action of protamine or 
DFP is not attributable to direct inhibition of 
lipoprotein lipase but to a secondary effect 
mediated through the adrenals and pituitary. 
5. The hyperlipemic action of protamine, 
DFP, pyrogens and possibly other stressors is 
best explained by release of LM. 
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Evaluation of Germicidal Efficiencies of a Group of Antibiotics Tested by 


Tissue Culture Technic. 


(22665) 


A. J. SALLE AND B. R. AMEsUR. 
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An improved one-step tissue toxicity tech- 
nic was proposed recently(1) for evaluation 
of germicides intended for clinical application. 

The germicides were tested for their effect 
on living embryonic: chick heart» tissue frag- 
ments as well as for their ability to kill bac- 
teria. A number known as the Toxicity In- 
dex was calculated from the results, which 
was defined as the ratio of highest dilution of 
germicide required to prevent growth of the 
tissue fragments in 10 minutes to highest dilu- 
tion required to kill the test bacteria in the 
same period and under similar conditions. 
Theoretically an index less than one means 
that the germicide is more toxic to the test 
organism than to the embryonic tissue frag- 
ments; an index greater than one means that 
the germicide is more toxic to the tissue frag- 
ments than to the bacteria. The smaller the 
index the more nearly perfect the chemothera- 
peutic agent. There is no relation whatsoever 


between a phenol coefficient and a toxicity in- 
dex. 

The same procedure was followed for eval- 
uation of the germicidal efficiencies of a group 
of antibiotics including: Bacitracin, Chlor- 
amphenicol (Chloromycetin) Penicillin G 
sodium, Polymyxin B sulphate, Streptomycin 
sulfate, and Terramycin HCl. 

Aureomycin (Chlortetracycline HCl) and 
Achromycin (Tetracycline HCl) precipitated 
from saline shortly after being prepared and 
could not be evaluated. Likewise, Erythro- 
mycin failed to dissolve in saline. 

Methods and materials. Embryonic chick 
heart tissue fragments from embryos 12 days 
old were used. Hearts were selected because 
of the ease by which a constant source of tis- 
sue could be obtained. The hearts were re- 
moved from the embryos and minced into 
fragments 0.5 to 1.0 mm in diameter by 
means of a sharp knife. The fragments were 
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washed twice in normal saline, then resus- 
pended in saline in the proportion of one 
heart per ml. This suspension of tissue frag- 
ments was handled like a broth culture of bac- 
teria. 

Micrococcus pyogenes var. aureus is gen- 
erally used as the organism in germicide test- 
ing but since it liquefied plasma it could not 
be used here; M. pyogenes var. albus was 
used instead. Unless the fragments are em- 
bedded in coagulated plasma, microscopic ob- 
servations of Carrel flasks for tissue prolifera- 
tion could not be made. 

The culture was grown on FDA nutrient 
agar slants incubated at 37°C and transferred 
daily. The organisms were washed from a 
24-hour culture with saline and the suspen- 
sion standardized in a photometer to corre- 
spond to the same turbidity as a No. 1 Mc- 
Farland nephelometer standard. 

For each test, a series of 8 dilutions of an- 
tibiotic was prepared in screw cap test tubes 
measuring 20 x 150 mm. The dilutions were 
prepared in normal saline according to the 
following scale of dilutions: Dilutions from 
10 to 100 at intervals of 10; from 100 to 200 
at intervals of 20; from 200 to 500 at inter- 
vals of 50; from 500 to 1000 at intervals of 
100; from 1000 to 50,000 at intervals of 1000. 

In another series, each screw cap test tube 
contained a mixture of 1.5 ml saline, 0.5 ml 
bacterial suspension, and 0.5 ml tissue suspen- 
sion, making a total volume of 2.5 ml in each 
tube. 

All tubes were placed in a 37°C water bath 
containing a shaking device and kept in con- 
stant agitation for 30 minutes. At the end 
of 30 minutes, 2.5 ml of the first antibiotic 
dilution was pipetted into one of the tubes 
containing the mixture of saline, bacteria, and 
tissue fragments, making a final volume of 5 
ml. The cap was screwed firmly in place and 
the tube shaken vigorously to wet completely 
the inner surface before returning it to the 
water bath. This same procedure was con- 
tinued at 1-minute intervals for the remaining 
dilutions in the series. The tubes were kept 
in agitation in the water bath throughout the 
test period. 

At the end of 914 minutes, the first tube of 
the series was removed from the bath and the 


supernatant aspirated from the fragments. At 
the end of exactly 10 minutes, the tube was 
filled with about 25 ml saline to dilute the 
small amount of antibiotic still remaining in 
the tube, then set aside. The remaining tubes ‘ 
were treated at 1-minute intervals in the same 
manner. The fragments were washed 2 more 
times, then embedded in plasma in Carrel 
flasks. a ee 

The embedding medium consisted of 0.3 
ml heparinized rabbit plasma, 0.5 ml Tyrode’s 
solution, and 0.4 ml embryonic extract.* 
After coagulation of the plasma medium, 1 ml 
embryonic extract was added as nutrient. 
Flasks were plugged with paraffined corks 
and incubated at 37°C for 120 hours before 
making final readings. 

Each flask contained a total of approxi- 
mately 35 pieces of tissue measuring 0.5 to 
1.0 mm in diameter. After all ingredients 
were added, the Carrel flasks were gently ro- 
tated to insure uniform distribution of the 
tissue fragments before coagulation of the 
plasma occurred. 

Results. The highest dilution of antibiotic 
that showed no growth of bacteria in the Car- 
rel flask was taken as the killing dilution. 
The highest dilution of antibiotic that showed 
no growth of tissue in the Carrel flask was 
taken as the killing dilution. Several series 
generally were necessary to determine the kill- 
ing dilution for both bacteria and tissue. The 
toxicity index was calculated by dividing the 
highest dilution of antibiotic required to kill 
the tissue fragments by the highest dilution 
required to kill the test organism. Results of 
tests on a number of well-known germicides 
(1) have shown iodine to exhibit the great- 
est degree of germicidal efficiency with a tox- 
icity index of 0.10. This figure indicates that 
under the conditions of the test iodine is 10 
times more toxic to the bacteria than to the 
chick heart tissue fragments, a remarkable 
figure for a germicide. Since iodine exhibited 
the greatest degree of efficiency of the germi- 
cides tested, it was used as the basis of com- 


* The extract was prepared by mixing 10-day-old 
minced chick embryos with 5 times its volume of 
Tyrode’s solution and centrifugated at 3000 rpm for 
306 minutes. The clear supernatant is the embryonic 
extract. 
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TABLE I. Highest Killing Dilution of Antibiotic 

for Embryonic Chick Heart Tissue and Micro- 

coccus pyogenes yar. albus and Corresponding Tox- 
icity Index. 


Toxicity 
Tissue Bacteria index 
Antibiotic (A) (B) (A/B) 
Iodine 1:2000 1:20,000 10 
Penicillin Gsodium 1:12 1:5000 .0024 
Streptomycin sulfate 1:20 1:1000 <.02 
growth 
Polymyxin B sulfate 1:50 1:80 <.63 
growth 
Terramycin 1:600 1:900 67 
Bacitracin 1:10 1:10 — 
growth growth 
Chloramphenicol 1:100 1:100 = 
growth growth 


parison for a number of well-known anti- 
biotics. Of the antibiotics tested (Table I) 
penicillin G sodium exhibited the greatest de- 
gree of germicidal efficiency, combining high 
potency with low tissue toxicity. A toxicity 
index of 0.0024 indicated that penicillin was 
more than 400 times more toxic to the test 
bacteria than to the tissue cells, and approxi- 
mately 42 times more efficient than iodine. 
Terramycin with an index of 0.67 was inferior 
to iodine as a germicide. Streptomycin sul- 
fate was nontoxic to tissue in the highest con- 
centration used and gave an index less than 
0.02. A more concentrated solution could 
not be prepared without sacrificing accuracy. 
Likewise, Polymyxin B sulfate was nontoxic 


to tissue in the highest concentration used but 
killed the test organism in a dilution of 1:80 
giving an index of less than 0.63. Chloromy- 
cetin and Bacitracin had no effect on tissue or 
bacteria in the concentrations used which 
would indicate that their actions were bac- 
teriostatic rather than bactericidal. 


Summary. A new method was proposed 
recently for the evaluation of germicides in- 
tended for clinical application. Iodine, with 
a toxicity index of 0.10 exhibited the greatest 
degree of germicidal efficiency. The same 
procedure was followed for the evaluation of a 
group of antibiotics. Penicillin G sodium 
gave an index of 0.0024 which indicated that 
it was more than 400 times more toxic to the 
test organism, Micrococcus pyogenes var. al- 
bus, than to the tissue cells, and approxi- 
mately 42 times more efficient than iodine. 
Results on other antibiotics in order of de- 
creasing efficiency are: Streptomycin sulfate, 
0.02—; Polymyxin B sulfate, 0.63—, Terra- 
mycin, 0.67. Bacitracin and Chlorampheni- 
col were bacteriostatic and could not be eval- 
uated. Likewise, Aureomycin HCl, Achro- 
mycin HCl, and Erythromycin could not be 
evaluated; the former two precipitated from 
solution shortly after being prepared, and the 
latter failed to dissolve in saline. 


1. Salle, A. J., Applied Microbiol., 1953, v3, 63. 


Received July 16, 1956. P.S.E.B.M., 1956, v93. 


Quantitative Determination of C-Reactive Protein by Complement 


Fixation. 


*tt 


(22666) 


Maurice M. Rapport AND LISELOTTE GRAF 
Division of Laboratories and Research, New York State Department of Health, Division of 
Experimental Pathology, Sloan-Kettering Institute for Cancer Research, and Sloan-Kettering 
Division, Cornell University Medical College, New York City. 


Interest has been growing in the measure- 
ment of serum levels of C-reactive protein as 
an indicator of inflammatory processes, in 
particular, those associated with rheumatic 
fever, myocardial infarction, and cancer. The 


* Presented before Am. Assn. Immunol., Atlantic 
City, N. J., April 17, 1956. 

+ We wish to express our appreciation to Dr. Alfred 
Halpern and Schieffelin and Co. for their cooperation, 
to Dr. Maclyn McCarty for a specimen of pneu- 


original determination of this substance(1) 
was based on the precipitate it forms with 
pneumococcal C-polysaccharide. Lack of sen- 
sitivity led to an immunochemical method, 


mococcal C-polysaccharide, and to Mr. Nicholas 
Alonzo, Mr. Bernard Schiffer, and Mrs. Evelyn Abe- 
shouse for their excellent technical assistance. 

t+ Mailing address: Sloan-Kettering Institute, 410 
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the reaction between C-reactive protein anti- 
gen and specific rabbit antibody. The degree 
of reaction is visually estimated from the 
quantity of specific precipitate(2,3). More 
recently, estimation by complement fixation 
(4) and gel diffusion(5) have been reported. 
In this communication we describe our modi- 
fications of the complement fixation method 
of Muschel and Weatherwax and the theoreti- 
cal and practical reasons-for them. Our pur- 
pose was 2-fold: to establish an objective in- 
dex of the serum level of C-reactive protein, 
and to control the variables inherent in the 
quantitative determination of antigens by 
complement fixation. 


The method described was designed to mea- 
sure C-reactive protein in the range deter- 
mined in the microprecipitation method, using 
approximately the same quantity of anti- 
serum, and furnishing the result within a short 
time. 


Materials and methods. Human test sera. 
Test sera were inactivated at 56°C for 10 min- 
utes(4). Specimens so treated showed no 
residual complement activity at a dilution of 
1:10. No loss was observed in the standard 
CRP serum after this treatment. 

Rabbit anti-CRP serum. Native antiserum 
preserved with sodium azide (1:1000) was 
obtained from Schieffelin and Co. Antibodies 
to normal serum components were absorbed 
by adding lyophilized normal human serum, 
0.05 g/ml. After incubation at 40°C for 2 
hours and 4°C for 2 days, a small quantity of 
precipitate formed. The treatment to this 
point was based on the procedure Schieffelin 
and Co. employs to make its reagent specific. 
Removal of the precipitate by the usual cen- 
trifugation results in an antiserum which is 
anticomplementary because of the presence of 
soluble immune complexes. This is the source 
of the anticomplementary property reported 
by Muschel and Weatherwax(4). The ab- 
sorbed antiserum was centrifuged in the #40 
rotor of a Model L Spinco ultracentrifuge for 
2 hours at 35,000 rpm (110,000 x g). The 
floating lipid layer (4 mm) was rejected and 
the next 42 mm of fluid was withdrawn in sev- 
eral portions which were subsequently com- 
bined. The lowermost 12 mm of clear super- 


natant was then removed and kept separately. 
Examination of anticomplementary property 
showed that this increased with sample depth, 
but the recombined specimen described was 
relatively free of this interference (hemolysis 
greater than 55% with two 50% hemolytic 
units of complement at antiserum dilution 
1:10). The antiserum, preserved with merthi- 
olate (1:10,000) and stored at —20°C, is 


“used without inactivation, since its comple- 


ment is removed during the absorption. Anti- 
serum from the lowest fifth of the tube was 
too anticomplementary for complement fixa- 
tion tests but was useful for microprecipita- 
tion and gel diffusion analyses. 

Standard CRP serum. A specimen of serum 
with a high CRP level was stored in small 
quantities at —20°C and left at 4°C after 
being thawed. This standard was assigned a 
titer of 160 after comparison with an earlier 
standard which had been arbitrarily set at 
100. The quantity of CRP in the standard, 
determined by precipitation with C-polysac- 
charide according to the method of Wood and 
McCarty(3) was 280 pg/ml. 


Complement fixation experiments.  Re- 
agents and procedure have been described in 
detail (6). 

Evaluation of reactions. The results are 
expressed as the quantity of CRP serum (an- 
tigen) required to obtain 50% hemolysis with 
a constant quantity of antiserum and a con- 
stant quantity of complement. When partial 
hemolysis greater or less than 50% was ac- 
tually measured, the quantity for this end- 
point was obtained by graphic interpolation 
from a plot of log dilution of antigen versus 
log (% hemolysis — 100 — % hemolysis). 
The routine complement fixation test was set 
up in 8 tubes with dilutions of CRP test se- 
rum 1:10, 1:40, 1:100, 1:200, 1:400, 1:800, 
1:1600, and 1:3200. The quantity of com- 
plement used was four 50% hemolytic units 
(about 0.005 ml undiluted guinea pig serum). 
Antiserum was used at a dilution of 1:40 
(0.00125 ml). The standard CRP serum was 
run with each test at dilutions of 1:800, 
1:1200, 1:1600, and 1:2400. Anticomple- 
mentary property of test sera at 1:10 dilution 
was examined with 2 units of complement. 
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Incidence of AC property (hemolysis of less 
than 55%) at this dilution is very low (less 
than 1%). 

Microprecipitation reaction. This test was 
performed in capillary tubes(3) with the fol- 
lowing modification to insure complete mix- 
ing of reagents. 0.01 ml of antiserum was 
placed in the well of a clear glass spot plate. 
0.01 ml of test serum was added. The entire 
mixture was run into the capillary tube by 
tipping the plate. The contents of the capil- 
lary were then almost completely returned to 
the spot plate well by gentle (mouth) pres- 
sure. This procedure was repeated and the 
capillary tube was sealed after the third fill- 
ing. Tubes were read by comparison against 
the standard CRP serum (equal to 160) at 
concentrations of 80, 40, 20, 10, 5 and 2% 
after incubation (2 hours at 37°C, overnight 
at 4°C). With the antiserum used, the super- 
natant from the “80” tube produced no addi- 
tional precipitate on adding either antiserum 
or CRP serum. The quantity of precipitate 
in the “2%4” tube was less than 1 mm but 
more than a trace. 

Gel diffusion. This test was carried out by 
the modification of the Ouchterlony technic 
described by Korngold and Lipari(7) which 
uses 1.5% concentration of agar. Plates were 
kept at room temperature for one week and 
then, as described by Libretti, et al.(5), at 
4°C for 2 weeks. 

Results. The complement fixation test for 
CRP involves 3 main variables—namely, the 
quantities of antiserum and complement 
which are required for the most effective 
measurement of a given quantity of CRP. 
The interrelationships are best studied by 
means of a block titration in which the quan- 
tity of complement is held constant and anti- 
serum and antigen are varied. The data can 
be integrated into a line curve expressing the 
relationship between antigen and antibody 
over the full range of antibody excess, equiva- 
lence, and antigen excess by plotting the 
quantities of these reactants which always 
produce the same hemolytic endpoint(8). 
The relationship for the rabbit antibody- 
CRP system iis shown in Fig. la. The 
curve is a non-rectangular hyperbola with 
asymptotes in the zones of antibody ex- 
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FIG. la. Antigen-antiserum reactivity curve for 
human CRP-rabbit antibody system. 

FIG. 1b. Curves in zones of antibody excess and 
equivalence determined with 3, 4, and 5 hemolytic 
units of complement. 


cess and antigen excess and a minimum close 
to the zone of equivalence. This curve is rep- 
resentative of systems in which the zone of 
antigen excess is characterized by marked in- 
hibition of immune complex formation(8). 
It can be seen that for the quantity of com- 
plement with which the curve is determined, 
a minimum quantity of CRP can be meas- 
ured, no matter how large an excess of anti- 
body is used. In Fig. 1b there is shown on 
expanded axes the zone of antibody excess 
determined with each of 3 different quantities 
of complement: 3, 4, and 5 units. These 
curves show how sensitivity of the determina- 
tion (minimum quantity of measurable CRP) 
depends on quantity of complement used in 
the test, and further, how much antiserum 
must be used to insure antibody excess, once 
the sensitivity level has been selected. The 
choice of a particular set of quantities is a 
balance between supply of antiserum on one 
hand, and on the other, both quantity of CRP 
which must be determined and degree of in- 
terference from anticomplementary properties 
of the reactants. 

A correlation of CRP titers determined for 
192 specimens by both complement fixation 
and precipitation methods is shown in Fig. 2. 
It is evident that sensitivity of the method 
based on complement fixation has been set 
to conform exactly to sensitivity of that based 
on microprecipitation. Twenty-four  speci- 
mens gave zero titers with both methods, 8 
showed a CF titer of 1 without producing any 
precipitate, while 4 showed a precipitate cor- 
responding to 1, 2 a precipitate correspond- 
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Correlation of CRP levels determined by microprecipitation and complement fixation 


showing identical range of both methods. Specimens with very high complement fixation titers 

are not shown since maximum precipitation titer obtainable with undiluted test specimens is 

*¢80.°? Precipitation titers are the avg of observations by 3 individuals. The line represents 
the location of points for exact correspondence. 


ing to 2, and 1 a precipitate corresponding to 
3 without having any CRP determined by 
complement fixation. If we accept the greater 
reliability of the complement fixation method 
(since it is applied at a level considerably 
above the limit of its sensitivity), these results 
suggest that very small quantities of precipi- 
tate may not be specific for CRP. It has been 
frequently noted that traces of precipitate 
tend to redissolve on standing several minutes 
at room temperature. The relatively poor 
correlation between CRP titers obtained by 
the two methods is principally due to the er- 
ror inherent in the subjective (visual) method 
of estimating the quantity of precipitate. Dis- 
tinguishing a titer of “40” from one of “20” 
r “80” is frequently impossible, and the de- 


gree of correlation shown in Fig. 2 could be 
achieved only by averaging the estimates of 
3 observers. The complement fixation method, 
on the other hand, offers an objective numeri- 
cal index of the CRP titer. If 2-fold serial 
dilutions are tested and the exact dilution 
titer for 50% hemolysis is estimated by the 
graphical method described, an error of as 
much as 10% hemolysis produces an error of 
about 10% in the final result. Closer spac- 
ing of dilutions, as described for the standard, 
can appreciably decrease this source of varia- 
tion. ; 

The hemolytic unit of complement (quan- 
tity of guinea pig serum) which is defined by 
the indicator reaction serves as a control of 
the reagents participating in this part of the 
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test. Fluctuations in the unit result princi- 
pally from variations in batches of sensitized 
red cells and guinea pig serum. However, this 
index of variability in reagents is not appli- 
cable to the primary reaction. For this pur- 
pose, we have found that the use of a stand- 
ard is essential(6). A convenient stable 
standard is a high-titered CRP serum speci- 
men. The data in Table I representing dilu- 
tion titers of the standard serum determined 
over a 5 month period and complement unit 
on the day of each determination show that 
the standard is stable. They also indicate 
that with a higher complement unit, a lower 
dilution titer is observed. This explanation 
is not sufficient to account for the variation 
or to eliminate the necessity for the standard, 
as is seen by inspecting the values on 1/11, 
1/18, 1/27 and 1/31. On these days the com- 
plement unit was constant but the standard 
changed 35 to 45%. 

The quantity of CRP in the standard was 
280 pg/ml. Average titer was about 1500. 
Since 0.1 ml of antigen dilution is used, the 
endpoint in the complement fixation test re- 
quires about 0.02 yg of C-reactive protein. 
The sensitivity of the test described here 
(with limiting dilution of 1:10) therefore cor- 
responds to 2 »g CRP/ml undiluted serum, a 
result in excellent agreement with the report 
of Wood and McCarty+(3). An example of 
the calculation of CRP titer or concentration 
based on the standard is as follows. Assum- 
ing the test specimen shows a dilution titer of 
350 when the standard serum dilution titer is 
1500, then 


350 


1500 


LOO ans 


Test specimen CRP titer is 


50 
X 280 pg/ml 
— 65 pg/ml. 


Test specimen CRP cone. is 


In gel diffusion studies by the method of 
Ouchterlony we have not observed the multi- 
plicity of CRP components reported by Li- 
bretti, e¢ al.(5), either with 20 high titered 
specimens from different individuals or a pool 
of 20 such specimens. On prolonged standing 

t The values for concentration of CRP in Table 4 
of this reference should be divided by 2 according to 
the authors. 


TABLE I. Titers of Standard CRP Serum and 

Complement over 5 Month Period Showing Stabil- 

ity of Standard and Relative Independence of 

Fixability and Hemolytie Activities of Guinea Pig 
Complement. 


Dilution titer of Complement unit, 


Date standard CRP serum ml g.p. serum 
9/12 1000 .00142 
Dell / el 1800 .00122 
Wye) 1750 .00110 
11/16 1450 .00110 
11/30 1300 .00110 
12/ 7 1750 00121 
12/14 1700 .00110 
12/21 1150 00121 
12/28 1450 .00105 
1/ 5 1400 -00100 
1/11 1900 .00105 
1/18 1350 00105 
1/27 1750 .00107 
1/31 1300 .00105 
2/ 8 1250 .00122 


(more than 10 days), a pattern similar to the 
one they describe was seen, but this is an arti- 
fact of the diffusion process, particularly in 
the region of antibody excess(9). 

Discussion. In the procedure herein de- 
scribed, we have paid particular attention to 
3 aspects of quantitative immunochemical 
analysis by complement fixation. These are 
the removal of residual anticomplementary 
activity from absorbed antisera, the necessity 
for a standard to eliminate variations as large 
as 2-fold in “fixability” of complement, and 
the selection of the most suitable quantity of 
antiserum for a given purpose. The range of 
C-reactive protein levels usually found in hu- 
man serum is 0 to 300 wg per ml(3). The 
level can rise well above 300 ug after surgery 
(10). The large range taken in conjunction 
with the observed inhibition by excess antigen 
determines minimum number of tubes which 
must be set up for the complement fixation 
test. A 10 to 20-fold excess of antigen over 
the quantity measured at the endpoint is suf- 
ficient to produce hemolysis indicating a weak 
or negative test; the inhibition produced by 
a lesser degree of antigen excess may still ap- 
preciably affect determination of titer.i! Suit- 
able modifications of the complement fixation 


|| Since titer is usually determined from hemolysis 
greater or less than 50% by interpolation, a partial 
hemolysis in the zone of inhibition will incorrectly re- 
duce the titer. 
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method will permit measurement of consider- 
ably lower concentrations of C-reactive pro- 
tein than 2 »g per ml. However, as sensitiv- 
ity is increased, two limitations become pro- 
gressively more important: incidence of anti- 
complementary activity in test specimens, and 
C-reactive protein interaction with normal 
serum constituents which affects its reaction 
with antibody. 

Summary. A quantitative immunochemical 
method for determination of C-reactive pro- 
tein concentration in serum is described. The 
sensitivity of this method, based on comple- 
ment fixation, has been selected to measure 
the same concentration range of CRP as de- 
termined by microprecipitation. Two impor- 
tant features generally applicable to comple- 
ment fixation methods are presented; namely, 
removal of anticomplementary activity from 
absorbed antisera and use of a reference 


standard to compensate for variations in fixa- 
bility of complement. 
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Increased numbers of tumors of the types 
occurring spontaneously in the rat were ob- 
served during the course of chronic injection 
of normal female rats with pituitary growth 
hormone. Pulmonary and lymphatic tissues, 
reproductive organs, pituitary and adrenal 
glands were involved(1-6). Outstanding was 
the occurrence of adrenal medullary pheochro- 
mocytomas(2). Since none of this work had 
hitherto been done in male rats, the questions 
arose as to whether males would be equally 
responsive in body growth and similarly sus- 
ceptible to tumor formation, especially as re- 
gards reproductive organs and adrenal glands. 

Materials and methods. Male rats of the 
Long-Evans strain, of 2 different age groups, 


* Aided by grants from the United States Public 
Health Services A-366 and C-1098; and The Uni- 
versity of California Cancer Research Coordinating 
Committee. 


6 and 14 months, were divided into experi- 
mental and control groups of 8 rats each. 
The purified growth hormone(7) was in- 
jected intraperitoneally in saline 6 days 
weekly. The initial daily dose of 0.5 mg was 
increased progressively during the first 160 
days, reaching a maximum of 3.0 mg in the 
younger, and 3.5 mg in the older group. 
These doses were then maintained for the re- 
mainder of the 15-month injection period. 
Complete autopsies were performed on all 
rats. The weights of all organs were deter- 
mined, and the entire organ or representative 
blocks were fixed and prepared for histological 
study. 

Results. Body weight and length. ‘The 
rats in the 6-month-old group weighed ap- 
proximately 400 g at the beginning of the ex- 
periment and gained steadily, reaching a 
maximum of almost 700 g at 18 months (Fig. 
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FIG. 1. Avg body wt of male rats inj. with growth 
hormone for 15 mo, beginning at 6 mo of age, 
compared with uninj. controls. Dosage shown in 
scale above abscissa. (No. of rats on which avg is 
based is indicated by numbers above curves.) 


1). During the last 90 days there was ces- 
sation of growth and some loss of weight, de- 
spite the high daily dose. The rats of the 14- 
month group (Fig. 2) were heavier at onset 
(480 g) and their gain was slower and less 
regular, the maximum weight attained during 
the 15-month period being slightly less than 
that of the younger group, even though they 
received a higher dose. Both experimental 
groups increased in total length above their 
controls, and the greater increase occurred 
in the younger group. 

Blood pressure. Because of the anticipated 


TABLE I. 


Age at onset of exp. 


Neoplasms-in Growth. Hormone In- 
jected Male Rats and Controls (8 per Group). 


6 mo 14 mo 
Con- Con- 
Type of neoplastic lesion Inj. trols Inj. trols 
Pheochromoeytoma 4 0 5* 0 
Adrenal corticaladenoma 0) 1 0 1 
Thyroid: Adenoma 3} 4 3 il 
Carcinoma il 0 1 1 
Pituitary, adenoma | 4 6 4 5 
Testis, Leydig-celltumor 1 0 0 0 
Thymus, squamous cell 0 il 0 0 
carcinoma 
Lymphosareoma, thoracic 1 0 4 3 
and abdominal 
Mesenchymal sarcoma 1 0 0 0 
(synovioma ) 
Kidney, papillary eyst- 0 0 1 0 
adenoma 


* Bilateral in 4. 
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FIG. 2. Avg body wt of male rats inj. with growth 
hormone for 15 mo, beginning at 14 mo of age, 
compared with uninj. controls. 


development of pheochromocytoma, a neo- 
plasm which had occurred frequently in fe- 
male rats similarly treated(3), determinations 
of blood pressure were made at intervals dur- 
ing the course of this experiment. A micro- 
phonic manometer for determination of the 
systolic blood pressure was used(8). The 
animals were anesthetized with ether for de- 
termination of blood pressure, and body 
length was determined at the same time. No 
significant differences were observed in the 
blood pressure of experimental and control 
rats. 

Neoplastic lesions. Neoplasms occurred in 
lymphoid tissue, adrenals, pituitary and thy- 
roid glands. There was nothing significant 
in regard to the reproductive system. The 
number of tumors in the growth hormone in- 
jected rats of the 2 ages was not significantly 
different from that in the controls,t except in 
the tumors of the adrenal medulla. Neo- 
plasms of the adrenal medulla were the most 
outstanding lesions observed in the experi- 
mental animals. Even in the adrenals where 
no pheochromocytomas were present, there 
was enlargement of the medullas. None of 
the controls of either age group had pheochro- 
mocytomas; 3 had focal areas in the medulla 
composed of uniformly small cells adjacent 
to blood vessels. Pheochromocytomas were 


t+ Numbers of tumors exclusive of pheochromocy- 
tomas, in the 6 months old group, 11 in experimental, 
12 in control; in the 14 months old group, 13 in ex- 
perimental, 11 in control. 
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present in 9 of the 16 rats treated with growth some (Fig. 3-5). In the younger group, 4 of 
hormone; multicentric foci were present in 8 rats showed unilateral tumors. . In the older 


Puats I (Fig. 3-5). Adrenals of adult male rats, control and exp. 
(H and E stain) 


FIG, 3. Control, untreated. Age 21 mo. X 22. 

FIG. 4. Large medullary pheochromocytoma. Note compression of normal medullary tissue. 
Growth hormone inj. begun at 6 mo of age. X 22. 

FIG. 5. Small pheochromocytoma composed of large cell types; surrounded by cells of zona 
reticularis. Growth hormone inj. begun at 14 mo of age. X 250. 
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group there were lesions in 5 of 8 rats and in 
4 instances these were bilateral. Invasion of 
blood vessels by neoplastic cells, as described 
by Gillman e¢ al.(9) in spontaneous pheo- 
chromocytomas of the rat, was not observed. 
Discussion. Analysis of the results of 
chronic administration of pituitary growth 
hormone to adult male rats indicates that 
growth response was similar to, but less strik- 
ing than, that of females so treated. Growth 
response of the older of the 2 age groups 
tested (14 months old at onset) was inferior 
to that of the younger group (6 months old at 
onset), particularly in the later part of the ex- 
periment. This may have been due to a num- 
ber of factors, such as aging, debility due to 
neoplasms, and recurrent infections. In the 
earlier studies on females injected with growth 
hormone, pheochromocytomas frequently oc- 
curred. There was no evidence of a pro- 
longed hypertension in those animals, as 
judged by weight of the heart and histology 
of the arterioles. In the present study no sig- 
nificant elevations of blood pressure were ob- 
served in experimental rats subsequently 
shown to have pheochromocytomas. How- 
ever, the possibility of transient episodes of 
hypertension cannot be excluded. 


Summary. The long term administration 
of pituitary growth hormone to adult male 
rats of the Long-Evans strain resulted in pro- 
gressive growth in ‘body weight and length. 
Many neoplasms developed in the rats during 
this prolonged period, but the incidence in 
treated rats was not significantly different 
from that in controls, with the exception of 
tumors of the adrenal medulla. Pheochromo- 
cytomas occurred in 9 of 16 growth hormone 
injected rats and in none of the controls. 
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Short periods of induced hypoxia character- 
istically produce a moderate increase in the 
pressure in the pulmonary artery in nor- 
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mal man(1). In general, the rise in 
pressure is greater than might be expected to 
be due to the increase in cardiac output which 
occurs. Moreover, the possibility that the 
augmented pressure results from generalized 
systemic vasoconstriction seems unlikely, since 
the pulmonary wedge pressure does not 
change(2,3) the brachial artery pressure re- 
mains constant, and the “central blood vol- 
ume” shows no consistent alteration(3,4). 
From these data it may be inferred that the 
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rise in pulmonary artery pressure is probably 
produced by active constriction of the vessels 
of the lungs. 

Previous experiments(5,6) have led us to 
believe that acetylcholine has a vasodilating 
action in the human pulmonary circulation. 
In diseased states there is evidence that this 
action is to some extent dependent on the pre- 
existing tone in the vessels of the lungs(5,7). 
The effect of acetylcholine might, therefore, 
be expected to be more evident when the tone 
in these vessels has been increased by hypoxia. 

The present study was undertaken to in- 
vestigate the effect of acetylcholine on normal 
pulmonary circulation, and to determine 
whether the effect was modified by the pres- 
ence of hypoxia. The purpose of this note is 
to report the results obtained in studies per- 
formed on 6 normal subjects. 

Methods. The procedure combined cathe- 
terization of the pulmonary artery and cannu- 
lation of the brachial artery. Each subject 
breathed through a mouthpiece for 2 periods 
of 20 minutes separated by a rest of 15 min- 
utes. During one period, the subject 
breathed ambient air and, during the other, a 
mixture of 12% oxygen in nitrogen. Between 
the 11th and 15th minute of each period, 
acetylcholine was infused through the cathe- 
ter into the main pulmonary artery at a rate 
of 0.5 mg/min. Measurements of the pres- 
sure in the pulmonary and brachial arteries 
and of the cardiac output were made before 
and during the infusion of acetylcholine. 

While the subject breathed ambient air, 
the cardiac output was estimated by the Fick 
principle. Under hypoxia, the Stewart-Ham- 
ilton dye-dilution technic was considered 
preferable since insufficient time was allowed 
for the establishment of the “steady state” 
required for the application of the direct Fick 
method. The dye output was obtained by 
injecting Evans blue dye into the! main pul- 
monary artery while inscribing a dilution 
curve from the brachial artery by means of a 
Colson densitometer. 

Results. Six satisfactory studies have been 
completed with similar results in each. The 
data from one of ‘these are illustrated in 
Fig. 1. When the subjects breathed am- 
bient air, acetylcholine caused a slight fall in 


FIG. 1. Effect of acetylcholine on arterial oxygen 

saturation, pulmonary arterial pressure and car- 

diac output in one subject. The subject breathed 

room air for 20 min. and 12% oxygen for 20 min. 

Shaded areas represent time of infusion of acetyl- 

choline. A period of 15 min. elapsed between the 
2 experiments. 


the. pulmonary arterial pressure. This re- 
sponse was much more evident after hypoxia 
had raised the pressure in the pulmonary ar- 
tery. The reduction in pressure during the 
infusion of the drug occurred despite the fact 
that the cardiac output had either remained 
constant or had slightly increased. The in- 
fusion caused no alteration in the heart rate, 
the brachial arterial pressure, the arterial oxy- 
gen saturation, or the ventilation. In 2 sub- 
jects, pulmonary wedge pressures were re- 
corded and found not to change during the 
infusion of acetylcholine. Thus, since the 
pressure in the pulmonary artery had fallen, 
the gradient of pressure was decreased. 

Discussion. In these studies, the cardiac 
output remained unchanged or increased dur- 
ing the infusion of acetylcholine; it never de- 
creased. Moreover, the constancy of the 
wedge pressure measured in 2 cases suggests 
that the left atrial pressure was unaffected by 
the drug. Therefore, it is believed that the 
fall in pulmonary arterial pressure resulted 
from an active dilatation of the pulmonary 
vessels. The augmented effect observed dur- 
ing hypoxia suggests that the action of the 
drug is dependent on the pre-existing tone of 
the pulmonary vessels. 

Summary. Acetylcholine infused into the 
main pulmonary artery caused a slight fall in 
pulmonary arterial pressure when the subject 
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breathed ambient air, but a greater fall in 
pressure after pulmonary hypertension had 
been produced by hypoxia. The fall in pres- 
sure was associated with either a constant or 
an increased cardiac output. The evidence 
suggests that acetylcholine causes vasodilata- 
tion in the lungs and that this action is largely 
dependent on the pre-existing tone of the pul- 
monary vessels. 
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The existence of rabies in bats in the 
United States was first suspected in 1951 
when a woman in Big Spring, Texas died of 
rabies 3 weeks after being bitten by a bat. 
This experience was reported(1) after the 
first demonstration of rabies in bats in the 
United States when the virus was demon- 
strated in a Florida yellow bat (Dasypterus 
floridanus) which had attacked a child(2). 
Three months after this incident another case 
was reported in Pennsylvania where, without 
provocation, a woman was bitten on the arm 
by a bat (probably Lasciurus cinereus) from 
which the rabies virus was isolated(3,4). 
These and other experiences prompted several 
groups to initiate studies to assess the impor- 
tance of these animals as reservoirs and car- 
riers of the infection(5-10). The rabies virus 
has now been recovered from bats in widely 
scattered areas in the United States (Florida 
(2), Pennsylvania(3), Texas(6,7), California 
(10), and Montana(11).) 

During the course of their studies on rabies 
in nonsanguivorous bats in Texas, Burns and 
Farinacci(8,12,13) recovered a number of vi- 
ral agents in addition to the rabies virus from 
the salivary glands of encephalitic bats. Fol- 
lowing preliminary tests(13) which suggested 
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that these agents were antigenically related 
to the St. Louis encephalitis virus, one strain 
was referred to us for determination of its 
antigenic relationship to the Japanese (JE)- 
West Nile (WN)-St. Louis (SLE)-Murray 
Valley (MVE) encephalitis group(14-19). 
This report is concerned with the relationship 
of the bat salivary gland (SG) virus to the 
JE-WN-SLE-MVE group as established by 
cross complement-fixation tests using hyper- 
immune guinea pig sera. 

Viruses. The bat salivary gland virus (SG) 
designated #1410-19 and in its 5th mouse 
brain passage was sent to us by Lt. Col. Ken- 
neth F. Burns. The Nakayama strain of JE 
virus in the 41st mouse brain passage, a strain 
of MVE in the 10th passage, and the WN 
virus (J7259) in the 25th passage were ob- 
tained from the Viral and Rickettsial Disease 
Registry, American Type Culture Collection, 
Washington, D.C. The Hubbard strain of 
SLE was obtained from Dr. Isaac Rushman. 


Antigens and antisera. The antigens and 
the antisera for the complement fixation tests 
and the grid type test using these materials 
are essentially the same as described by Pond 
and his associates(19) and by Hammon and 
Espana(20). Antisera against the JE, WN, 
SLE and MVE viruses were obtained from 
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guinea pigs inoculated intracerebrally with 
suspensions of infected hamster brain. In 
each instance the virus contained in infected 
mouse brain tissue in 10% normal rabbit se- 
rum was passed intracerebrally through 3 
serial passages in weaned hamsters. The 
guinea pigs were given 2 injections, 10 days 
apart, each consisting of 0.15 ml of a 10% 
suspension of 3rd passage infected hamster 
brain tissue. The sera obtained 2 weeks after 
the last injection were stored at —40°C. 
Each serum was inactivated at 56°C for 30 
minutes before it was used in the complement 
fixation test. Since the SG virus is not infec- 
tive for young hamsters, antiserum against 
this agent was prepared as described above, 
except 6th mouse brain passage material in 
10% normal guinea pig serum in saline was 
used for immunizing the guinea pigs. A con- 
trol group of guinea pigs each received two 
injections of 10% normal mouse brain in 
10% guinea pig serum in saline. 

In the initial tests it was found that all of 
the viruses except SG yielded effective com- 
plement-fixing ‘antigens prepared by the tech- 
nic of Havens e¢ al.(21) or Casals e¢ al.(22). 
Since highly effective antigens with the SG 
virus were obtained by the benzene extraction 
technic of DeBoer and Cox(23), all comple- 
ment fixation tests were carried out with 
antigens prepared by this method. 

Complement fixation tests. The comple- 
ment fixation tests used in these studies are 
essentially the same as those described by 
Pond et al.(19). Serial 2-fold dilutions of 
each antigen were tested against serial 2-fold 
dilutions of each of the guinea pig antisera. 
In addition to the usual serum and antigen 
anti-complementary controls, normal guinea 
pig serum in serial dilution was tested against 
each dilution of the various antigens. In the 
test 2 exact units of complement were used. 
Following overnight incubation at 4°C the 
indicator system consisting of 3 units of he- 
molysin and 3% washed sheep cells was 
added. The tests were read after an addi- 
tional incubation for 30 minutes at 37°C. 
Tubes with 50% or more fixation were con- 
sidered positive. 


Results. The results of a grid-type com- 


RELATIONSHIP OF THE SALIVARY GLAND VIRUS OF BATS TO 
THE JE-MVE-WN-SLE GROUP ON THE BASIS OF COMPLEMENT 
FIXATION TESTS USING HYPERIMMUNE GUINEA PIG SERA 


<_—_____ Antigen ———______> 


sy ig RR 
Fro 
~— rl] 
we FY Ff 
a ae 
Pe rl 


Shoded areas represent dilutions giving at least 50 % fixati 


Antigens and antisera were not anticamplementary at diluti 


FIG. 1. 


plement fixation test are presented graphic- 
ally in Fig. 1 using the method previously 
described by Pond ef al.(19). The shaded 
areas indicate mixtures in which 50% or more 
fixation of complement occurred. The results 
with the JE, MVE, WN and SLE antigens are 
in some respects the same as described by 
Pond et al.(19), although the higher titered 
SLE antigen used in these tests demonstrated 
serological relationships with other members 
of the family which were not evident in their 
study. For example, it can be seen that the 
JE antiserum reacted with its homologous 
antigen and to some extent with the SLE an- 
tigen, but failed to react with the MVE an- 
tigen. Pond et al.(19), however, found that 
JE antiserum reacted with the MVE antigen 
but not with the SLE antigen. In the results 
described in Fig. 1 it can be seen that the SLE 
antigen reacted to some extent with each of 
the antisera tested. 

The results indicate that the SG agent ap- 
pears to be a new member of the JE-WN- 
SLE-MVE group of viruses and that it is 
more closely related antigenically to WN than 
to other members of the group. These data, 
together with the fact that the SG antigen 
failed to fix complement in the presence of 
antisera prepared against a variety of other 
neurotropic viruses, confirm the preliminary 
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observations of Burns and Farinacci(13). 
Additional studies are in progress to establish 
whether the serological relationships observed 
in the complement fixation test can be more 
effectively demonstrated by other immunolo- 
gic technics. 

Summary. A virus recently isolated from 
the salivary glands of Mexican free-tailed 
bats (Tadarida mexicana) appears to be a 
new member of the JE-WN-SLE-MVE group 
‘of viruses. On the basis of the results of 
complement fixation tests it appears that the 
salivary gland virus of bats is more closely 
related to the West Nile virus than to other 
members of the group. 
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The report of Keston and Wortis(1) that 
frog muscle contracts in response to choline 
and that this contraction is inhibited by tri- 
ethylcholine was of interest to us in our 
studies of compounds structurally similar to 
choline. Triethylcholine is only a very weak 
inhibitor of choline oxidation by choline dehy- 
drogenase(2) and has usually been found to 
have choline-like activity (Neurospora crassa 
growth(3); lipotropic(4); antihemorrhagic 
(5)). In view of this anomalous behavior of 
triethylcholine with muscle we have extended 


our studies to include the effects of choline 
and related compounds on muscle contraction. 

In this study segments of rabbit ileum were 
used instead of frog muscle. This acetyl- 
choline sensitive tissue contracts in response 
to choline. We found that the response to 
choline was inhibited competitively by tri- 
ethylcholine, $-methyltriethylcholine and a- 
methyl-a-hydroxymethylcholine. Triethylcho- 
line was not, however, an inhibitor of acetyl- 
choline. Methyldiethylcholine, triethylhomo- 
choline, and a-methyl-a-hydroxymethyltrie- 
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TABLE I. Effect of Choline Analogues on Rabbit Nleum Muscle. 


Compounds tested 


Choline-like 
(relative ac- 


tivity, cho- Anti- 
R, ie R, line = 1.0) choline 
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YA M M 1 Ne AU) 
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R, CH,OH E q E 0 = 
Cl 
2-Amino-2-methylpropanediol-1,3 
Thiocholine chloride 3.1 


* Transient response. 


thylcholine were inactive at the concentra- 
tions tested while the remaining compounds 
studied possessed various degrees of choline- 
like activity. 

Methods and materials. The choline ana- 
logues were prepared by methods previously 
described(2). Rabbit ileum was obtained 
soon after sacrifice of the animal, washed with 
Tyrode solution and then immersed in this 
medium at 5°C until used. A small segment 
was suspended in 100 ml of Tyrode solution 
at 37°, through which was bubbled a mixture 
of 95% Oz + 5% COs, and its contractions 


M = Methyl; E = Ethyl. 


recorded with a frontal writing lever on a ky- 
mograph. 

When the spontaneous contractions had 
become constant, 2 mg of choline chloride 
were added and the increased contractions 
recorded. The bathing medium was then 
removed; the segment was washed 3 times 
with 50 ml of fresh Tyrode solution (37°), 
and resuspended in Tyrode solution as above. 
These operations could be repeated several 


times with essentially the same response to 


choline; the response to choline chloride was 
proportional to the dose up to a level of 6 mg. 
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The effects of the choline analogues on the 
segments of ileum were determined by adding 
the former to the bathing medium 2 mg at a 
time until 6 mg had been used. The testing 
of each compound was preceded by a test 
with choline, which was then washed out as 
above, and the segment was discarded when 
its response to choline was appreciably de- 
creased. 

Those compounds which failed to cause an 
increase in the contraction of the segment 
were tested for anticholine activity. Two mg 
of choline chloride were added to the bathing 
medium, and after the increase in contraction 
was established, 6 mg of the test compound 
were added. If no change in the contractions 
was produced, the test compound was consid- 
ered to have neither choline-like nor anti- 
choline activity. 

Results. The activities of the compounds 
tested are presented in Table I. Fourteen of 
the compounds produced a response like that 
given by choline; the potencies were usually 
less than 0.5 that of choline on a weight basis 
with the exception of dimethylethylcholine 
and thiocholine which were 4.0 and 3.1 times 
as active as choline respectively. Diethyl- 
methylcholine, triethylhomocholine and a- 
methyl- a-hydroxymethyltriethylcholine were 
inactive at the concentrations tested while tri- 
ethylcholine, 8-methyltriethylcholine and a- 
methyl- a-hydroxymethylcholine possessed 
anticholine activities. 

That the compounds having anticholine ac- 
tivities were actually competitive inhibitors of 
choline was established by determining re- 
sponse of the segments of ileum to choline in 
the presence of 15 mg of the inhibitory com- 
pounds. The results are plotted in Fig. 1. 
In each case the response curve was roughly 
parallel to that obtained with choline alone 
and displaced toward higher choline concen- 
trations. Under the same conditions, how- 
ever, these compounds were found to have 
choline-like activities with segments of je- 
junum. 

Discussion. The ability of choline to cause 
contraction of intestinal muscle may be (a) 
an inherent property of the compound or such 
activity may result from (b) its conversion to 
acetylcholine or (c) its being an inhibitor of 
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Mg. Choline Chloride per 100 MI. 
Bathing Medium 
FIG. 1. Curve 1, choline alone; curve 2, choline 
plus 15 mg triethylcholine chloride; curve 3, cho- 
line plus 15 mg g-methyltriethylcholine chloride; 
curve 4, choline plus 15 mg gq-methyl-a-hydroxy- 
methylcholine chloride. In the segments of jeju- 
num the contraction recorded was largely due to a 
change in tone. The contractions plotted for both 
tissues represent the sum of actual contraction and 
increased tone. Curves plotted are avg obtained 
with the same intestinal segment. Pieces of intes- 
tine from other animals gave similar results. 


choline esterase. Whatever the mechanism of 
action is, it is reasonable to assume that the 
remaining compounds having choline-like ac- 
tivity would exert their activities by a similar 
means. That choline is a competitive inhibi- 
tor of choline esterase has been demonstrated 
(6,7). However, this does not seem to be the 
mechanism involved here since the anticholine 
effects of triethylcholine, @-methyltriethyl- 
choline and a-methyl- «a-hydroxymethyl- 
choline would not then be explicable. 

An unequivocal differentiation between the 
first two possible modes of action cannot be 
made from the experiments done in this study. 
However, there is some evidence against 
the second interpretation. First, we ob- 
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served that the contractions of the ileum 
began almost immediately on the addition 
of the choline and were constant after 
a relatively few contractions. If it were 
necessary to acetylate the choline in order for 
it to be active one might expect a delay fol- 
lowed by a relatively long period of increasing 
contractions. Second, by analogy to studies 
of the action of choline and related com- 
pounds on the heart of Venus mercenaria(8, 
9) it seems also that the first possibility is 
more likely. It thus appears that our results 
are best explained by assuming that choline 
and certain other compounds related to it 
are capable per se of stimulating intestinal 
muscle. The mechanism of this action may 
be similar to the coenzyme theory proposed 
by Welsh(10) to explain the mode of action 
of acetylcholine. Accordingly, triethylcholine, 
8-methyltriethylcholine and a-methyl- a- 
hydroxymethylcholine have anticholine activ- 
ity because they compete with choline for ac- 
tive sites on the apoenzyme. 

Summary.  Choline-like and anticholine 
activities of a series of compounds structur- 


ally related to choline have been determined 
using segments of rabbit ileum. Triethyl- 
choline, #-methyltriethylcholine and a-me- 
thyl- a-hydroxymethylcholine were competi- 
tive inhibitors of choline in this tissue but had 
choline-like activity on segments of jejunum. 
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Effect of Aspirin Administration on Serum Glutamic Oxaloacetic and 


Glutamic Pyruvic Transaminases in Children.* 


(22671) 


Cartos MAnso, ANGELO TaRANTA,t AND IRWIN NyDICK. 
(Introduced by H. F. Wood) 
Irvington House, Irvington, N. Y., the Department of Medicine, Cornell University Medical School, 
and Sloan-Kettering Division of Cornell University Medical College, New York City. 


Elevations of the serum glutamic oxalo- 
acetic transaminase (SGO-T) activity during 
the course of rheumatic fever in children have 
been noted previously(1). Despite the ir- 
regular pattern of these elevations and the 
absence of parallel alterations in the indices 
of inflammation commonly used (erythrocyte 
sedimentation rate, white blood cell count and 
C-reactive protein) and in the clinical course 
of the patients, it was suggested that the alter- 


*This work was supported by grants from the 
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ations of SGO-T were the result of myocardial 
necrosis during the course of rheumatic cardi- 


tis. This enzyme is known to be present in — 


the heart in high concentration(2) and ele- 
vation of its activity in the serum following 
myocardial infarction in man(3) and in dogs 
(4) has been described. Elevations of SGO- 
T also occur in human(5) and murine(6) he- 
patic diseases, but no clinical evidence of he- 
patic disease was present in the rheumatic 
fever patients studied and their liver function 
tests were normal(1). Drugs such as digi- 
talis and mercurial diuretics which are often 
used in the treatment of patients with rheu- 
matic fever were shown to have no effect on 


{ 
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the SGO-T(3). Moreover, no alteration of 
SGO-T was noted during the administration 
of 4 to 6 g of aspirin daily for one week to a 
group of non-rheumatic adults(1). 

Despite this latter observation a possible 
effect of aspirin upon the serum activity of 
glutamic oxaloacetic transaminase in children 
was suspected as a larger series of. children 
with rheumatic fever was subsequently 
studied. The present investigation was under- 
taken to explore this relationship. The activ- 
ity of another enzyme, glutamic pyruvic 
transaminase (SGP-T) was studied in the 
sera of a group of patients in an attempt to 
determine whether serum activity of another 
transaminase in addition to SGO-T was affect- 
ed by aspirin administration. In addition, since 
glutamic pyruvic transaminase is found in the 
liver in 6 times the concentration found in 
the heart(7), it was hoped that the source of 
the increased serum concentration of SGO-T 
might be suggested by the results of simul- 
taneous determinations of the two trans- 
aminases. It has, in fact, been reported, in 
contrast to the findings with SGO-T, that the 
serum activity of glutamic pyruvic trans- 
aminase (SGP-T) is increased only slightly 
following myocardial necrosis in man. Simi- 
lar elevations of the serum activities of both 
enzymes are found in liver diseases(7). 

Materials and methods. Twenty-three chil- 
dren from the wards of Irvington House, a 
hospital and convalescent home for children 
with rheumatic fever, were studied. Their 
ages ranged from 5 to 15. 

Group 1: Of the 14 children included in 
this group 12 received aspirin (acetyl salicylic 
acid) and 2 sodium salicylate. None was 
considered to have definite evidence of active 
rheumatic fever: 7 had questionable disease 
activity and 7 had no evidence of rheumatic 
activity by all clinical and laboratory cri- 
teria. Aspirin and sodium salicylate were ad- 
ministered in daily dosages of 0.6 to 1 g per 
15 lb of body weight for a minimum of 4 
weeks. The SGO-T was measured during a 
short control period and then twice weekly 
during the period of salicylate administration. 

Group 2: The second group selected for 
study of both SGO-T and SGP-T consisted of 


9 children, 7 of whom had no clinical or lab- 
oratory evidence of rheumatic activity. One 
patient was studied during a mild clinical 
rebound of rheumatic fever. The ninth pa- 
tient had acute rheumatic polyarthritis with 
no evidence of carditis. Aspirin was admin- 
istered in a daily dose of 0.6 g per 15 Ib of 
body weight for an average period of 16 days. 
The dose was then increased to 1 g per 15 lb 
of body weight until symptoms and signs of 
toxicity occurred. At this time the aspirin 
was discontinued. 

The SGO-T and SGP-T activities were de- 
termined twice weekly during a short control 
period and during the period of aspirin ad- 
ministration. The specimens of blood ob- 
tained were allowed to clot at room tempera- 
ture. The sera were then separated immedi- 
ately and frozen and the determinations of 
enzyme activity were performed within 3 
days. Care was exercised to prevent hemoly- 
sis since this has been shown to increase the 
measured SGO-T activity(8). SGO-T activ- 
ity was measured by the spectrophotometric 
method of Karmen e# al.(8). SGP-T activity 
was measured by a similar method described 
by Wroblewski and LaDue(7). By these 
methods the normal range of activity of SGO- 
T is 10-40 u/ml/min. and of SGP-T is 5-35 
u/ml/min. Rises of SGO-T to 50 units or 
more and of SGP-T to 45 units or higher are 
considered to be significant. 

Blood salicylate levels were determined 
twice weekly using the method of Brodie, 
Udenfriend and Coburn(9). C-reactive 
protein was determined weekly by the capil- 
lary precipitin method described by Anderson 
and McCarty(10). Erythrocyte sedimenta- 
tion rate was determined weekly by the Win- 
trobe method(11). To rule out the possibil- 
ity of a direct effect of aspirin upon the rate 
of change of optical density of the reaction 
mixture in the spectrophotometric methods 
used, 2 series of experiments were done: A. 
Solutions of aspirin in phosphate buffer (pH 
7.4) were added to the reduced coenzyme I 
to final concentrations of 10 to 60 mg % and 
the optical densities of the solutions measured 
for 10 minutes. B. Both sodium salicylate 
and aspirin were dissolved in normal serum to 
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TABLE I. Effect of Aspirin and Sodium Salicyl- 
ate Administration on Serum Glutamic Oxaloacetic 
Transaminase Activity. 


Maximal 
level of 
Rheumatic Drug SGO-T 
Patient activity administered (a/m1) 
1 ? Aspirin 146 
2 ? “4 88 
3 ? 128 
- No % 93 
5 ? as <50 
6 No sf 132 
7 3 70 
8 ’ e <56 
9 * 75 
10 J o 
11 ? mH 1 
12 No ve cS 
3 * Sodium salicylate 100 
14 ? ra < 


<50 


final concentrations of 5 to 40 mg %. The 
SGO-T and SGP-T activities of the sera were 
measured and compared with those of the 
same sera before the addition of these drugs. 

Results. The effects of the administration 
of aspirin and sodium salicylate on serum 
transaminase activities in the patients of the 
2 groups studied are summarized in Tables 
IT and II. All patients had normal enzyme 
activities in their sera in the control period, 
before the administration of aspirin or of 
sodium salicylate. It is apparent that of 12 
children in the first group receiving aspirin, 
6 showed elevations of SGO-T to 50 units or 


ereater. The maximal rise was to a level of 
146 units. Three of these patients had no 
TABLE II. Effect of Aspirin Administration on 


Serum Glutamic Oxaloacetie and Serum Glutamic 
Pyruyie Transaminases. 


No. of days of 
aspirin admin, 
previous to 1st 
Pa. “Rheumatic significant rise Maximal level 


tient activity SGO-T SGP-T SGO-T SGP-T 
iL No if Wit 540 900 
2 zs 10 14 180 140 
3 a 13 13 120 216 
4 27 norise norise <50 <45 
5 ; 13 13 62 50 
6 m 22 “22 64 45 
if i norise no rise <50 <45 
8 ? s fi <50 <45 
9 Yes 6 6 74 76 


* This patient suffered from infectious hepatitis 
18 mo earlier. 
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evidence of rheumatic activity and 3 were 
considered to have possible activity. 

One of the 2 children receiving sodium sali- 
cylate showed an elevation of the SGO-T to 
100 units. This patient did not have active 
rheumatic fever. The concentration of SGO- 
T in the other patient rose to 44 units, a 
borderline value. 

A typical case is illustrated in Fig. 1. J.G., 
a patient convalescent from rheumatic fever 
and without evidence of rheumatic activity 
was maintained on aspirin, 1.2 to 2.4 g daily 
for more than one month. The SGO-trans- 
aminase first rose to an abnormal concentra- 
tion 2 weeks after initiation of therapy, reach- 
ing a peak of 93 units 26 days after the first 
dose of aspirin. The SGO-T returned to a 
normal value within 2 days after discontinua- 
tion of the drug. 

Table II shows the simultaneous variations 
of both SGO-T and SGP-T in the second 
group of 9 children in whom aspirin was ad- 
ministered until the appearance of toxic 
symptoms. Six of the children developed ele- 
vations of both SGO-T and SGP-T. Maxi- 
mal levels of 540 SGO-T units and 900 SGP- 
T units were noted. These occurred in a pa- 
tient who had had infectious hepatitis 18 
months earlier. The shortest duration of as- 
pirin administration resulting in significant 
rises of either enzyme was 6 days. Twenty- 
two days of continuous administration elapsed 
before the first elevation in patient No. 6, 


ASPIRIN EFFECT ON SERUM TRANSAMINASES 87 


whereas patient No. 7 received aspirin for 32 
days with no detectable rise in the serum ac- 
tivity of either transaminase, despite compar- 
able dosages and serum salicylate levels. A 
second transitory rise of one or both enzymes 
was noted in 4 cases 3 to 10 days after cessa- 
tion of aspirin therapy at a time when there 
was no detectable salicylate in the patients’ 
sera (Fig. 2). 


No consistent relationship between serum 
salicylate levels and serum enzyme activities 
was found. There was no evident correlation 
between changes in the indices of inflamma- 
tion (erythrocyte sedimentation rate, white 
blood cell count and C-reactive protein) and 
SGO-T or SGP-T. 


No change in the rate of the transamina- 
tion reaction of the test solutions or of the 
optical density of reduced coenzyme I was 
produced by the im vitro addition of aspirin or 
of sodium salicylate. The concentrations of 
salicylate tested encompassed the range of 
concentrations measured in the sera of the 
patients studied. 

Discussion. It is clear that aspirin admin- 
istration can influence the serum activity of 
glutamic oxaloacetic and glutamic pyruvic 
transaminases in children. For this reason 
any increase in the serum activity of these 
enzymes during the course of rheumatic fever 
should be evaluated with great care when as- 
pirin is employed in the therapy of these pa- 
tients. | 

The mechanisms whereby this aspirin effect 
is mediated are unknown at the present time. 
A direct effect of aspirin upon the rate of the 
transamination reaction in the test mixture 
or upon the optical density of reduced co- 
enzyme I is ruled out by the im vitro studies 
mentioned. Among the several other possible 
explanations the possibility of an increased 
release of these enzymes from the liver as a 
result of aspirin administration deserves con- 
sideration. Experimental and clinical studies 
have documented changes in hepatic function 
and morphology following aspirin adminis- 
tration(12). SGO-T has been shown to be 
a sensitive and early indicator of hepatic 
damage(5). Furthermore, the simultaneous 
elevation of SGO-T and SGP-T is consistent 
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with the possibility that the liver is the source 
of the increase of the serum activity of these 
enzymes. 

Summary. The effect of aspirin and of 
sodium salicylate administration on the serum 
glutamic oxaloacetic transaminase activity in 
14 children and its effect on both the serum 
glutamic oxaloacetic transaminase and the 
serum glutamic pyruvic transaminase in an 
additional 9 children has been studied. Ele- 
vations to abnormal levels were observed in 
more than 50% of the cases. The importance 
of this finding in relation to the interpretation 
of the serum glutamic oxaloacetic trans- 
aminase elevations in rheumatic fever is 
pointed out and some possible underlying rea- 
sons for this phenomenon are mentioned. 
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Corn Oil and Hypercholesteremic Response in the Cholesterol-Fed Chick.* 
(22672) 


RicHarp J. JONEs, Oscar K. Retss,! AND SHELDON HUFFMAN, 
Department of Medicine, The University of Chicago, Chicago, Ill. 


Recently Ahrens(1,2), Kinsell(3,4,5,6) 
and Bronte-Stewart(7) and their cowork- 
ers have reported unusual reductions of the 
serum cholesterol in subjects receiving a for- 
mula diet in which various vegetable oils, in 
rather large quantities, were the main source 
of fat. Ahrens, et al.,(2) demonstrated that 
corn oil was the most effective of these agents 
in maintaining a low level of serum choles- 
terol. They also have shown a correlation 
between the iodine number and the hypo- 
cholesteremic ‘effect of several vegetable oils, 
and have postulated that the degree of un- 
saturation of the fatty acids is responsible for 
that effect. Meanwhile, we had noted a lower 
level of serum cholesterol in cholesterol-fed 
control chicks used to assay fractions of a 
hypocholesteremic brain extract(8). This 
difference could be related to the fact that we 
had begun to use corn oil instead of cotton- 
seed oil as a vehicle for the administration of 
cholesterol in the atherogenic diet. 

The following experiments were performed 
in an effort to test the hypothesis that it is 
the slightly higher level of unsaturated fatty 
acids in corn oil which distinguishes it from 
cottonseed oil in its effect on the cholesterol- 
fed bird. 


* This work was made possible by grants from the 
National Heart Institute, National Institute of Health, 
the United States Public Health Service (H-1119) and 
The American Heart Assn. 

t Research Fellow of The American Heart Assn.; 
Present address: Dept. of Physiol. Chemistry, Johns 
Hopkins Medical School, Baltimore, Md. 


Methods. In each experiment, 40 8-week- 
old White Rock cockerels were divided into 4 
dietary groups, each of which were offered 
equal weights of the diets. Diet consumption 
was estimated daily, body weight weekly. 
Two birds losing weight and apparently ill 
were excluded from the data. All of the diet 
offered was eaten, except as noted below. The 
chicks were bled from the alar vein at 2-week 
intervals, and the plasma analyzed for serum 
cholesterol by the method of Abell, eé al.(9). 
At termination of the experiments, the aortae 
were examined for gross atherosclerotic 
plaques and graded as described by Horlick 
and Katz(10). 

Experiment 1: To test the importance of the 
relative proportions of oleic and linoleic acids 
as they occur in corn oil as opposed to cotton- 
seed oil, we used 2 “‘neo-fat” fatty acid prod- 
ucts of Armour Chemical Division. Neo-Fat 
105 consists of fatty acids redistilled from the 
cottonseed oil; Neo-Fat 110 is also derived 
from cottonseed oil fatty acids but fraction- 
ated so as to approximate the same relative 
proportions of palmitic, oleic and linoleic acids 
as occur in corn oil. According to the produc- 
ers, these 2 distillates had the same minor dif- 
ference in iodine number seen between corn oil 
and cottonseed oil, but neither had any myris- 
tic acid, which is normally present in corn oil. 
Each contained approximately 2% unsaponi- 
fiable matter derived from cottonseed oil. 
One group was fed 10% solvent extracted 
corn oil (Mazola); the second group 10% 
cottonseed oil (Puritan Oil, Procter and Gam- 
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FIG. 1. Mean serum cholesterol in the 4 dietary 
groups indicated above. Vertical lines indicate 
+ one stand. dev. in the corn oil fed birds. 


ble). The third group was fed 10% Neo-Fat 
#105, the fourth, 10% Neo-Fat #110 plus 
0.1% myristic acid; each diet contained 1% 
cholesterol and Kay Bee chick starter mash. 
The latter contains ground corn, oats and 
wheat bran, plus alfalfa and soy bean meals 
which provide no less than 3% fat. 

Experiment 2: Group I was fed 17.8% 
whole corn germ (containing 56% lipid ma- 
terial); Group II was.-fed 10%~'crude corn 
oil, expressed mechanically from the whole 
germ; Group III was fed solvent (hexane) ex- 
tracted corn oil; and Group IV received 8% 
solvent extracted germ plus 9.8% cottonseed 
oil. Thus each group received 10% lipid 
material by weight. One percent cholesterol 
was added to all diets, mixed in the oil or, in 
the case of whole germ, added in crystalline 
form. Stammler e¢ a/.(11) have shown that 
the mode of addition of cholesterol to the 
diet is not crucial. Each diet was mixed for 
at least 20 minutes in a Hobart mixer. 


} We are grateful to Dr. Artz of Corn Products 
Refining Co., Chemical Division, Argo, Ill. who sup- 
plied us with these preparations and their specifica- 
tions. 


Results. The results of the first experi- 
ment may be seen in Fig. 1. The birds fed 
corn oil had a consistently lower serum cho- 
lesterol level than those fed cottonseed oil or 
either of its fatty acid distillates. This dif- 
ference was statistically significant (P<0.01) 
at each of the 3 bleedings. No statistical sig- 
nificance could be found between mean 
plasma cholesterol levels at any bleeding of 
the birds fed cottonseed oil, as compared with 
its 2 distilled fatty acid products, though both 
of the distillation products tended to be more 
conducive of hypercholesteremia under these 
conditions than the original cottonseed oil. 
No significant difference in incidence of ather- 
osclerosis was observed though the average 
grade of severity tended to correspond with 
the mean level of serum cholesterol. 

The second experiment was devised to in- 
vestigate a cruder preparation of corn oil and 
the whole corn germ. The cholesterol levels 
for the 4 groups are plotted in Fig. 2. The 
whole germ fed birds were significantly lower 
than all other groups at each bleeding, mani- 
festing a very minimal elevation of the choles- 
terol level. Statistically, the level of proba- 
bility is less than 0.01% in the last 2 bleed- 
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TABLE I. Estimated Proportions of Dietary Foodstuffs and Degree of Hypercholesteremia 
and Atherosclerosis Observed Terminally in the 4 Dietary Groups. 


Grams/100 g of diet 
estimated 


Terminal 

mean ather- 
Terminal mean  osclerosis, 
plasma choles- aorta-grade 


CHO Protein terol+S$.E. (+ to4+) 


Source of added fat Fat 
ale 17.8% whole corn germ 1s 12.4 
Il. 10% crude expressed corn oil 13.0 
Ill. 10% solvent extracted corn oil 13.0 
IV. 8% solvent extracted corn germ; 13.4 


9.8% cottonseed oil 


42.0 18.0 2514 29.1 2 
44.5 17.8 632+ 98.5 6 
44.5 17.8 905 + 127 1.0 
45.3 18.2 850 + 112 1.0 


ings. The cholesterol level is significantly 
lower in the expressed oil fed group than in 
the extracted oil group at the one and the 
3-week bleedings (P<0.05), but not at the 
terminal bleeding. In this experiment the 
birds in Group III ate only 96%, and in Group 
IV, 88% of the diet offered. Groups I and 
II ate the full 100 g allowed per bird per day. 
It is doubtful that the difference between 
Groups II and III could be explained by the 
difference in cholesterol intake, though this 
may well explain why Group IV did not de- 
velop still higher levels of plasma cholesterol. 
The serum cholesterol levels achieved here 
are higher with corn oil than in the first ex- 
periment because of a greater dietary allow- 
ance of 100 g/day of the respective diets as 
opposed to 75 g/day per bird. 

The results of grading the aortae of all 
birds in this experiment are shown in Table 
I. It can be seen, as with the plasma choles- 
terol] levels, that there is a difference of bor- 
derline significance between the  oil-fed 
groups; but the group getting whole germ is 
significantly protected against the early le- 
sions seen in the other groups. 

Discussion. Ahrens and coworkers(2) were 
able to correlate the iodine number roughly 
with the serum cholesterol-lowering effect, but 
other possible factors were not investigated. 
Certainly the data of Bronte-Stewart and his 
coworkers(7) confirms and more strongly 
suggests the importance of saturation of the 
fatty acids for the hypercholesteremic re- 
sponse to cholesterol feeding in the human. 
Swell and Flick(12) compared the  re- 
sponse of the serum cholesterol in rats to 
cholesterol feeding in conjunction with lard, 
oleic acid or stearic acid, and concluded that 
the absorption of cholesterol appears to be 


decreased with a highly saturated fat. Later 
Swell and coworkers(13) showed substantial 
differences in the degree of elevation of the 
serum cholesterol levels of rats fed equal 
amounts of various fat sources. Here they 
found the response to be greatest in the de- 
scending order: Oleic acid, stearic acid, lino- 
leic acid, peanut oil, corn oil and linseed oil. 
They also demonstrated that im vitro esterifi- 
cation of cholesterol proceeded more rapidly 
with fatty acids than with neutral fat. 

These experiments leave little doubt that 
the serum cholesterol level is greatly influ- 
enced by the nature of dietary fat employed. 
They also reach fairly general agreement that 
corn oil seems to promote cholesterol absorp- 
tion Jess than many other fats or fatty acid 
combinations, though Lin and coworkers(14) 
suggested that tripalmitin or other poorly 
utilized fats might be used even more profit- 
ably to effect a lower serum cholesterol. Our 
first experiment demonstrates that corn oil 
does not permit as great a hypercholesteremia 
as cottonseed oil, and further that this dif- 
ference cannot be explained by the slight dif- 
ferences in fatty acid composition between 
these two oils. While there is nothing con- 
clusive about our second experiment, it too 
suggests that the degree of saturation of the 
fatty acids is not the sole factor in determin- 
ing the response to cholesterol feeding. Vir- 
tually all of the neutral fat is obtained from 
the corn germ by these two methods of ex- 
traction and it is doubtful that the fatty acids 
occur in any different proportions in the resi- 
due than in the expressed oil.. The waxes and 
the unsaponifiable fraction are more apt to be 
left behind. It is doubtful that sitosterols 
could explain the effect, for they occur as only 
approximately one percent of the oil, (or 0.1 
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g per chick per day). 

The various oils and corn germ products 
were added to the mash so that the fat level 
was essentially equal in each group, and it 
can be seen from Table I that protein and 
carbohydrate also remained in about the same 
proportion. Portman, et al.(15) have shown 
that the quality of dietary carbohydrate can 
be important in determining the hypercholes- 
teremic response in cholesterol-fed rats. They 
found that corn starch in the diet inhibited 
the rise usually seen with simpler sugars. Cer- 
tainly this might be a partial explanation for 
the low levels of cholesterol seen in Group I, 
but Group IV received an equal supplement 
of corn starch in the extracted germ without 
any impairment of the hypercholesteremic re- 
sponse. It seems most likely that an uniden- 
tified fraction of the germ oil, not easily ex- 
tracted, is inhibiting the expected rise in se- 
rum cholesterol. 

Summary. Dietary experiments in the 
cholesterol-fed chick have demonstrated that 
a higher level of serum cholesterol is achieved 
when cottonseed oil is fed instead of corn oil. 
Reconstituting the distilled fatty acids of cot- 
tonseed oil, and adding a small amount of my- 
ristic acid so that the proportions of the ma- 
jor fatty acids in corn oil were observed, did 
not make cottonseed oil fatty acids behave 
like corn oil in restricting the rise in serum 
cholesterol. Comparison of the whole corn 
germ with expressed and solvent extracted 
corn oil revealed that it was a much more po- 
tent agent for limiting the hypercholesteremia 
and subsequent atherosclerosis than the more 
refined products. It seems unlikely that this 
difference between corn oil and cottonseed oil 
in the effect on the hypercholesteremic re- 


sponse of the cholesterol fed bird could be ex- 
plained by a difference in fatty acid composi- 
tion. 


The authors are indebted to Irene Carr, Marianne 
Nijenhuis, and Michael Golden for technical assis- 
tance in this work. 
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Studies on Connective Tissue of the Cock Comb. II. Effect of Androgens.* 
(22673) 


Joun A. Sztrmat.t 


(Introduced by Endre A. Balazs.) 


Histological Laboratory, Municipal University of Amsterdam, Netherlands. 


Although the capon comb test. has been 
used extensively for the biological assay of 
androgens, relatively little is known of the 
mechanism of this reaction in terms of tissue 
structure. The appearance of a so-called mu- 
coid connective tissue has been recognized as 
the final result of hormone stimulation(1). 
An increase in the water content of the comb 
has been observed and is considered to be an 
important factor in the volume increase; 
based on this, the term “expansion growth” 
has been suggested for this reaction(2,3). 
Proliferation of the connective tissue cells 
does not seem to contribute significantly to 
the volume increase(3). Earlier histological 
studies indicated that mucopolysaccharides 
are present in the ground substance of the 
connective tissue of the rooster comb; this 
has been confirmed by the isolation of hyal- 
uronic acid from the comb(4). It has been 
found that testosterone treatment increases 
the hexosamine content of the young chicken 
comb(5), but no similar studies have been re- 
ported on the capon comb after hormone 
treatment. Comparing the hexosamine con- 
tent of the capon with that of the rooster 
comb, we found considerably higher values in 
the latter, while histochemical evidence indi- 
cated that acid mucopolysaccharides are pres- 
ent only in the rooster comb(6). The aim of 
the present study was to investigate the histo- 
chemical changes in the capon comb after tes- 
tosterone treatment and to correlate these 
changes with the results obtained from deter- 
minations of the hexosamine, hydroxyproline 
and water content of the comb. The other 
head appendices, 7.e. the wattles and the ear- 
lobes, have also been included in this study. 
Both are known to react to hormone treat- 


* The first article of this series appeared in J. 
Histochem. and Cytochem., 1956, v4, 97. 

t Present address: Research Laboratories, Depart- 
ment of Rheumatology, University Hospital, Laiden, 
Netherlands. 


ment. However, while the comb and the wat- 
tles are similar-in.structure, the earlobes are 
made up of a morphologically different tissue. 
We also extended this investigation to the 
study of the normal development of the comb 
in untreated young cockerels. 

Material and methods. 18 White Leghorn 
capons, approximately one year old were cas- 
trated at the age of 4 to 6 weeks and treated, 
with the exception of 4 control animals, with 
daily doses of 2 mg testosterone propionate 
(‘““Neohombreol,” Organon)+ for periods of 
3 to 13 days. For comparison, the data ob- 
tained on 10 White Leghorn roosters of the 
same age are included. The development of 
the comb was studied in cockerels from the 
time they were hatched until 15 weeks of age, 
using a total of 82 animals. 

Sampling the comb for a comparative study 
of its different stadia presents some difficulty 
due to the peculiar form of this organ and its 
anisometric volume increase. ‘This is illus- 
trated in Fig. 1, where the gradual increase 
in the area of the capon comb during hor- 
mone treatment is shown. It is obvious that 
in the course of this process each point of the 
comb moves at a different speed and in a dif- 
ferent direction. By taking transverse slices 
from the comb at the plane of arrow A 
(Fig. 1), one can obtain sections which 
represent analogous parts of the comb 
in different animals. In studying such 
sections of the capon comb after different 
periods of hormone treatment, we found 
that the changes in the connective tis- 
sue start at the base of the comb and proceed 
upward from the skull toward the spikes(3). 
Such transverse sections might have obvious 
advantages for a morphological and a histo- 
chemical study. However, because the com- 
position of these sections is not uniform, cor- 
relation of the results of chemical analysis 


¢ Generously supplied by N. V. Organon, Oss, 
Netherlands. 
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FIG. 1. Schematie representation of increase of 

comb area in the capon in the course of testos- 

terone treatment (2 mg daily). Based on contact 

photographs taken every second day during first 8 

days of treatment. Heavy black lines indicate lo- 
cation of samples, 


with the histological structure is much more 
difficult. For this latter purpose, we used 
comb slices cut perpendicularly to arrow B 
(Fig. 1), which represent a more homoge- 
neous cross section of the process at different 
time intervals. 

The histological and histochemical methods, 
including the sectioning of the fresh frozen 
tissue, the periodic acid-Schiff reaction (PAS) 
and metachromatic staining with toluidine 
blue, have been described in detail(6). Ina 
few cases the tissue, after fixation in Pfuhl’s 
mixture (sublimate, picric acid, glacial acetic 
acid), was embedded in paraffin and stained 
with haematoxylin-phloxin or azocarmin- 
orange G-aniline blue (AZAN)..' Hexosamine 
determinations were carried out according to 
the modified Elson-Morgan method described 
previously(6). Comb slices of about 300 mg 
were used for this purpose except in very 
young cockerels, where it was necessary to use 
the whole comb or even pooled samples of 
several combs. Prior to hydrolysis, the tissue 
samples were extracted by acetone and dried 
in a desiccator to constant weight. This dry 
weight of the defatted tissue has been used 
to calculate the water content. The method 
described by Neuman and Logan(7) has been 
used for the determination of the hydroxypro- 
line content. The data reported on the hex- 
osamine, hydroxyproline and water. content 
represent averages of determinations made on 
10 combs of roosters, 4 combs of untreated 


capons, and 2 combs from each group of 
treated capons; while in the case of cockerels, 
the number of combs used varied between 3 
and 8. The ratio of hexosamine to hydroxy- 
proline has also been calculated. 

Results. Testosterone-treated capons. The 
average weight of the untreated capon comb 
was 1.57 g, while the rooster combs measured 
about 45 g. After 13 days of testosterone 
treatment of capons, the average comb weight 
was 21.2 g. A detailed description of the con- 
nective tissue of untreated capon comb is 
given in previous reports(3,6); here we shall 
mention only that there is no metachromatic 
ground substance present in the capon comb 
and that the hexosamine content is rather low 
(0.53% dry weight). Estimating the hy- 
droxyproline content in the comb of untreated 
capons, we found an average value of 3.65% 
dry weight, resulting in a ratio hexosamine: 
hydroxyproline of 0.15. Studying the changes 
in the capon comb after testosterone treat- 
ment, we found after 3 days that there was 
already a large amount of metachromatic ma- 
terial present in the intermediate layer, espe- 
cially in the lower parts of the comb. The 
gradual development of this mucoid tissue is 
shown in Fig. 2, 3 and 4, which are taken from 
different parts of the same transverse section 
through the middle of the comb. Fig. 2 shows 
the very first appearance of the metachro- 
masia in the spike; Fig. 3 shows further de- 
velopment in the middle part; while Fig. 4 
represents a fully developed mucoid tissue at 
the base of the comb close to the skull. In 
comparing sections from the combs of capons 
after different periods of treatment, 3, 5 and 
13 days respectively, we found that after 3 
days the fully developed mucoid tissue is re- 
stricted to the basal parts, while after 5 days 
almost the whole section contains this layer. 
Finally, after 13 days, the intermediate layer 
throughout the entire comb is transformed 
into mucoid tissue, occupying all of the space 
between the reticular layer under the epithel- 
ium and the central core. The appearance of 
the metachromasia is the main occurrence 
histochemically. We did not find any change 
in the PAS positivity, which was restricted to 
the collagen fibers(6). 

The wattles show essentially the same 
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FIG. 2. Capon comb after 3 days of hormone treatment. Frozen section 12.5 y, fixation in 

osmic vapor and lead subacetate, stained with toluidine blue (magnification 360). Mucoid 
layer in the spike. 
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FIG. 3. Same section and magnification as in Fig. 2. 
FIG. 4. Same section and magnification as in Fig. 2. 


near skull. 


Mucoid layer in middle part of comb. 
Mucoid layer in basal part of comb 


FIG. 5. Subcutaneous connective tissue of the wattle of a capon after 3 days of testosterone 
treatment, showing edema. Fixation: Pfuhl, paraffin section 8 y, stained with AZAN (magni- 


fication 320). 


FIG. 6. Earlobe of untreated one-year-old rooster. 


Fixation: Pfuhl, paraffin section 6 y, 


stained with haematoxylin-phloxin (magnification 180). Note absence of blood vessels under 
epithelium and presence of thick, collagen bundles in dermal layer. 


structure as the comb, both in the capon and 
in the rooster, and the reaction to testosterone 
treatment is very similar. It should be men- 
tioned that the mucoid layer here is narrower 
than in the comb. Therefore, the mucoid tis- 
sue represents a smaller portion of the total 
structure. There is no preferential localiza- 
tion of the very first metachromatic change in 
the wattles, as in the basal part of the comb. 
We noticed another way in which the reaction 
here seems to differ from that in the comb; viz. 
the edematous appearance of the subcutane- 
ous tissue of the wattle, which was especially 
pronounced during the first days of hormone 
treatment. At this time, the wattle increases 
markedly in thickness, and on cutting through 
the tissue, fluid escapes from the central part. 
This fluid showed strong metachromasia when 
toluidine blue was added in vitro, but it was 
technically impossible to demonstrate this 
substance in the tissue sections. The spaces 
between the fibrils of this edematous middle 
part appear empty in the histological prepara- 
tion (Fig. 5). Later on this edema tends to 
disappear; after 13 days of treatment, the 
subcutaneous tissue of the wattles appears to 
be similar to the structure in the rooster with- 
out any sign of edema. 

Histologically, the earlobes of both the 
capon and the rooster differ from the comb 
and wattle in many ways. In the subepithelial 
part of the rooster comb and wattle, the so- 
called reticular layer, there is a large number 
of sinusoid blood vessels, showing dilatation 
upon hormone treatment and giving these or- 
gans their characteristic red color. These sub- 
epithelial vessels are absent in the earlobes, 
where there is only a small strip of tissue 
somewhat similar to the reticular layer of the 
comb and wattle. While the dermal layer of 
the comb and wattle of the normal rooster 
and treated capon contains thin collagen fib- 
rils, the dermal layer of the earlobes consists 


of thick collagen bundles, homogeneous in ap- 
pearance. A few small, coiled blood vessels 
are also present here. (Fig. 6). Compared 
to the very profound reversible changes of the 
dermal layer of the comb under hormone 
treatment, the dermal layer of the earlobes 
shows fewer alterations. In the capon, the 
whole dermal layer is narrower and there is 
no metachromasia present. In the testoster- 
one-treated capon and in the normal rooster, 
this layer is wider, the collagen bundles have 
a swollen appearance, and diffuse metachro- 
masia, very faint but still distinct, is present 
throughout the whole dermis. The only effect 
of hormone treatment on the earlobe which is 
similar to that on the wattle is some accumu- 
lation of fluid in the subcutaneous tissue, but 
to a much lesser extent. 

The results of chemical analysis of all 3 
tissues in the treated capons are summarized 
in Fig. 7. It is obvious that there is a sig- 
nificant increase in the total hexosamine con- 
tent of the capon comb during hormone treat- 
ment. The same is true for the wattles, but 
to a lesser degree, while in the earlobes the 
increase in hexosamine, if at all significant, is 
very slight. The relative amount of hydroxy- 
proline does not change significantly in the 
capon comb during hormone treatment; this 
also seems to apply to the wattles and ear- 
lobes. When these values are related to each 
other, as the hexosamine:hydroxyproline ra- 
tio, it is obvious that this ratio tends to in- 
crease in all 3 organs during testosterone 
treatment; these values can be even higher 
than in the normal rooster. 

Normal development of the comb in cock- 
erels. In our experiments, the comb weight 
increased from 0.013 g at the time of hatch- 
ing to about 15 g at the age of 15 weeks. The 
histological structure of the comb in a one- 
day-old cockerel shows a cellular proliferation 
of the connective tissue of the dermal layer; 
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FIG. 7. Hexosamine and hydroxyproline content 
and hexosamine-hydroxyproline ratio in comb, wat- 
tles and earlobes of testosterone-treated capons. 
For comparison, values from untreated capons and 
roosters of the same age are included. 


the collagen fibrils are already developed, but 
there is no metachromasia in the ground sub- 
stance. This picture does not change essen- 
tially during the first 3-4 weeks, which seems 
to cover the normal growth period judging 
from the frequent mitoses observed both in 
epithelium and in connective tissue. After 
this period the accumulation of the metachro- 
matic ground substance begins and is again 
more pronounced in the basal parts of the 
comb. Until the age of 15 weeks there is a 
gradual increase in the amount of mucoid tis- 
sue in the comb. During this time mitoses 
still can be seen in the epithelium, but are sel- 
dom observed in the connective tissue. At 
the end of this period the structure of the nor- 
mal rooster comb has been developed. Chemi- 
cal determinations (Fig. 8) show that the 
relative amount of hexosamine in the comb 
starts to increase very slowly during the first 
4 weeks, but increases more rapidly there- 
after, reaching the level of the fullgrown 
rooster comb in about 15 weeks. The relative 
amount of hydroxyproline is constant 
throughout the whole development. The 
hexosamine-hydroxyproline ratio conceivably 
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FIG. 8. Hexosamine and hydroxyproline content 
and hexosamine-hydroxyproline ratio in comb of 
developing cockerels, 


increases during this time. 

In Fig. 9 water content data of comb sam- 
ples are plotted against the corresponding 
hexosamine values. These figures show that 
in treated capons the water content is some- 
what higher than in normal, untreated roost- 
ers and older cockerels. 

Discussion. The comparative histological 
study of the comb development in cockerels 
and in testosterone-treated capons showed 
that in both cases the process of “expansion 
growth” is essentially similar. This process 
takes 10 to 15 weeks in cockerels; in treated 
capons it can be completed in about 2 weeks. 
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FIG. 9. Water content (expressed in % of fat-free 
dry wt) and hexosamine content of comb in treated 
and untreated animals. 
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In the cockerel, it is preceded by a phase of 
normal tissue growth which takes place dur- 
ing the first 3-4 weeks after hatching. Mitoses 
in the connective tissue were found only dur- 
ing the first 4 weeks; after that, during the 
“expansion growth” period, we rarely found 
cell division in the mucoid layer. Ludwig and 
Boas(8) and Schiller, Benditt and Dorfman 
(5) observed active cell proliferation in the 
connective tissue of the comb in young cock- 
erels receiving androgen treatment. The ani- 
mals used were 3-24 davs old(8) and 10 days 
old(5) respectively. A possible explanation 
for this difference could be that in animals so 
young the process of ‘expansion growth” over- 
laps the normal growth process. Determina- 
tion of the total hexosamine shows that there 
is an increase of some hexosamine-containing 
substance or substances in both treated 
capons and normally developing cockerels in 
the course of the “expansion growth.” This 
applies especially to the comb, but also seems 
to occur in the wattles and possibly in the 
earlobes. It should be mentioned that our 
data do not allow any further interpretation 
of this increase in hexosamine content, but 
they are in all cases parallel to the metachro- 
masia as found under the conditions of the 
histochemical test. This altogether might be 
evaluated as indirect evidence for the. sup- 
position that one of the main phenomena in 
the hormonal response of these tissues is the 
accumulation of mucopolysaccharides in the 
ground substance, probably hyaluronic acid. 
Since the concentration of hydroxyproline in 
the treated capon remains relatively constant 
in the course of the ‘“‘expansion growth,” this 
indicates that there is also an active formation 
of collagen during the process which is pro- 
portional to the increase of the total fat-free 
dry mass of the comb. Compared to this the 
increase in hexosamine content is much larger. 
The same applies to the increase in water 
content, which is parallel to the increase in 
hexosamine content, suggesting that these 
two phenomena are in some way related to 
each other(2). This is supported indirectly 
by the previous observation that the water 
content of the isolated mucoid layer of the 
rooster comb as well as its hexosamine con- 
tent are much higher than the values obtained 
on the total comb(6). Another factor which 
might partially explain the high water content 


of these organs is the subcutaneous edema 
which develops in the course of hormone 
treatment, especially in the wattles and ear- 
lobes. Finally, the vasodilatation will in- 
crease the blood content of the tissue and also 
may contribute to the high water content. 
Summary. It has been found that the in- 
crease of the metachromasia in the connective 
tissue of the comb coincides with the increase 
of the total hexosamine content during the 
development of this organ in the normal 
rooster, as well as during the testosterone 
treatment of the capon. In both cases, there 
is an increase in the water content, suggesting 
that the presence of mucopolysaccharides in 
this tissue and the high water content are re- 
lated phenomena. The relative hydroxypro- 
line values remain essentially unchanged dur- 
ing this reaction, indicating that increase in 
collagen content is proportional to total in- 
crease of the dry substance. The ratio hex- 
osamine:hydroxyproline thus shows an_ in- 
crease in both cases. A similar increase was 
also found in the wattles and, to a lesser de- 
gree, in the earlobes. The wattles show the 
same structure and reaction as the comb. In 
the earlobes there is a very slight increase of 
the metachromasia in the course of hormone 
treatment which, together with the slight in- 
crease in the hexosamine:hydroxyproline ra- 
tio, would suggest that the reaction here is 
also similar, but much less pronounced. Dur- 
ing testosterone treatment a transient edema 
of the subcutaneous tissue has been found, 
especially in the wattles and earlobes. 
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Effect of X-Ray Dose on Mortality and Skin Transplantability in Mice 


Receiving F,; Hybrid Marrow.* 


(22674) 


J. J. Trentint 
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Dental Branch, Houston. 


Mice receiving an otherwise lethal dose of 
X-irradiation, but protected with bone mar- 
row from an F, hybrid derived from the ir- 
radiated and a foreign strain, will subse- 
quently tolerate skin homografts from the F, 
hybrid or the foreign parent strain of the F, 
hybrid(1,2). Mice protected with marrow 
from the same (isologous) strain will not tol- 
erate skin homografts from the F, hybrid or 
the foreign parent strain. The following ex- 
periments were undertaken to determine the 
lowest dose of whole body X-irradiation, fol- 
lowed by marrow from an F, hybrid, that 
would result in tolerance of skin homografts 
from the foreign parent strain. During the 
course of these experiments an entirely unex- 
pected and interesting observation was made 
regarding mortality in marrow-treated mice 
at decreasing doses of irradiation. 


TABLE I. Percent Mortality following X-irradia- 
tion. 
All-strains combined CBA strain 


% mortal- % mortal- 
ity after ity after 
indicated indicated 


Dose, No.of No.of days No.of No.of days 
Y mice 21 30 mice 21 30 
330 22 0 0 I? 0 0 
400 12 0 0 
500 24 We 21 
550 54 2) 9 24 12 12 
600 36 64 67 12 50 50 
660 84 93 94 48 90 90 
700 24 100. 100 
770 266* 99 100 60 100 =100 
800 50 100 =100 11 100 «100 
1000 12 100 =100 
1200 12 100 =100 


* 159 of the mice at 770 r received intray. saline 
inj. as controls for other groups receiving bone 
marrow suspensions. 


similar to those reported previously(2) with 


Materials, methods and terminology are the following exceptions. One marrow donor 


TABLE II. Mortality and Skin Transplantability in Unirradiated, X-irradiated and Marrow Treated 
CBA Mice. 


——_——_—_—_—— Skin graft ———_—_—__, 
Days post- 
X-ray and/ 


% mortality after indi- Skin No.of or marrow 
X-ray Marrow’ No. of cated No. of days donor mice when No. of No. of 
Exp. dose, r donor mice 12 21 30 60 100 strain grafted grafted takes sloughs 
A 0 CbhX CBA 12 Oa aOF er 0 0) Cb 12 46-52 0 12 
110 Idem 12 OO) A. §@ s 12 46-52 0 12 
330 % 12 OmeiOkes 0 60 3 12 46-52 0 12 
550 # 12 67 100 100 100 100 0 
770 fs 12 OF BOE” Ries Cb alate? 46-52 11 0 
0 None CBA 13 12 i 
B 660 Cb X CBA . 12 CO ont), alir: s2tes iay0) Cb ®) 34-55 6t 0 
770 Idem 12 (Fr (OE ALO ORO (0) 7 12 34-55 9 3 
660 None i 67 100 100 100 100 0 ; 
0 ie Ch 9 0 9 
0 : CBA 21 21 0 


* One mouse in this group died the day following skin grafting and is excluded from the skin graft 
data but ineluded in the mortality data. 

+ Three mice in this group died (one as a result of anesthesia during photography) with viable 
skin grafts 13 to 18 days after skin grafting. They are excluded from the skin graft data but imeluded 
in the mortality data. 


tance in dosimetry, and to M. A. Flores and B. 
Morris for technical assistance. X-ray facilities were 
generously provided by the M. D. Anderson Hospital 
and Tumor Institute. 


* This investigation was supported by a research 
grant from the National Cancer Institute, U.S.P.H.S. 


+ The author is indebted to Dr. R. Shalek for assis- 


Mortality and Blood Count in X-irradiated CBA Mice Receiving Cb XK CBA F, Marrow. 


TABLE III. 


-——Million RBC/mm*—, 


Blood counts at 2 wk post-irradiation ————H#, 
————— W BC/mm*—_——_,, 


mice 
counted 


No. of 


cm 


% mortality after indi- 


No. of 


Strain of 


cated No. of days 


X-ray 


Mean 


30 


Marrow donor mice 


dose, r 


mice 


High 


Low 


High 


Low 


Mean 


12 


800 


3,430 


None 


Balb/e* 


* Balb/e mice were used as an irradiation control-because of a shortage of CBA mice. 
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FIG. 1. Body wt data of Exp. A, Table IT. All 
points represent mean wt of 12 mice with the ex- 
ception of the 550 r group. Numbers along this 
line represent decreasing numbers of surviving 
mice at each point. 


mouse was used for every 2 irradiated mice 
in Experiment A of Table II and in the ex- 
periment of Table III, rather than 1 for 1 as 
in previous work, including Experiment B of 
Table Il. The intravenous injection volume 
was .5 cc throughout. The nucleated cell 
counts for the marrow suspensions used were 
67,200, 89,150 and 61,250 per cu mm for 
Experiments A and B of Table II and for 
Table III respectively. Duco cement was 
applied to the sutured edges of the skin grafts 
of Experiment A, but not of Experiment B. 
Observations. The 21-day LD5o of X-ir- 
radiation under the conditions used is about 
600 r, while 770 r is uniformly lethal to all 
mice within 30 days (Table I) Mice of the 
CBA strain were equally distributed by age 
and sex into 5 treatment groups, each contain- 
ing 12 mice. These groups received 0, 110, 
330, 550, and 770 r of X-irradiation followed 
in 1 to 2 hours by intravenous injection of 
marrow from the Cb x CBA F, hybrid. As 
in past experience(2), F; marrow gave excel- 
lent protection against the otherwise lethal 
dose of 770 r (Experiment A of Table II). 
At the lower dose of 550 r, however, adminis- 
tration of the same suspension of hybrid mar- 
row was followed by 100% mortality in 15 
days. Body weight loss at 550 r was much 
more severe than at 770 r and was progres- 
sive until death (Fig. 1). Mice receiving 
still lower doses of irradiation or no irradia- 
tion, followed by marrow treatment, showed 
no mortality. At 46 to 52 days post-irradia- 
tion the surviving mice were homografted 
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with skin from the Cb strain, the other parent 
strain of the F; marrow donor. Of a group 
of 13 untreated CBA mice simultaneously 
autografted as controls, 12 of the autografts 
took. All of the homografts sloughed at the 
0, 110 and 330 r dose levels. Of the 11 mice 
at 770 r that survived skin grafting, all of the 
foreign skin grafts were accepted and are in 
good condition 124 to 130 days after grafting. 
In previous experiments no late sloughs have 
been observed under similar conditions. 
Fifteen of 18 grafts at 660 and 770 r were 
successful and are still in good condition 130 
to 152 days after grafting (Experiment B of 
Table II). In this earlier experiment it will 
be noted that late mortality in F, marrow 
protected mice at 660 r was greater than at 
770 r. In both of these experiments mice re- 
ceiving the different doses of irradiation were 
caged separately, 6 to a pen. It is therefore 
possible that an undetected infectious agent 
may have involved the 4 pens of mice at 550 
and 660 r to account for the greater mortality 
at these levels than at 770 r. To control this 
possibility another experiment was set up in 
which mice receiving 330, 550 and 770 r fol- 
lowed by Cb x CBA marrow were caged to- 
gether, 2 at each dose level in each pen of 6 
mice. Again the mice at 550 r showed much 
higher mortality than their cage mates at 330 
and 770 r (Table III). Body weight loss at 
550 r was much greater and more progressive 
than at 770 r. Blood counts performed 2 
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weeks post-irradiation showed a significantly 
lower white and red cell count in the mice at 
550 r than in those at 770 r._ Platelets were 
less numerous in the stained blood smears of 
the mice at 550 r than in those at 770 r. 
Discussion. The blood count data suggest 
that the greater mortality at 550 r than at 
770 r may befélated to a less adequate hema- 


~“topoietic recovery. On the other hand, 550 r 


without bone marrow had earlier resulted in 
30-day mortality of only 12% of 24 CBA mice 
and 9% of 54 mice of all strains combined. 
Additional experiments are obviously indi- 
cated, and no explanation of the mechanism 
involved will be ventured at this time. 

Summary. The 21-day LDs9 under the 
conditions of X-irradiation used is approxi- 
mately 600 r. Irradiation of CBA mice fol- 
lowed by intravenous administration of bone 
marrow suspension from Cb x CBA F, hy- 
brids resulted in little or no 21-day mortality 
at 110, 330, 660 and 770 r, but in almost 
100% mortality at 550 r. Homografts of Cb 
skin into the surviving mice were accepted by 
the mice at 660 and 770 r dose levels but not 
by mice at 0, 110 and 330 r dose levels. None 
of the marrow-treated mice at 550 r survived 
long enough to be skin grafted. 
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Effect of Chlorpromazine on Excretion of 5-Hydroxyindoleacetic Acid 


in a Patient with Malignant Carcinoid. 


(22675) 


Jack W. CoLr AND GEorRGE G. BERTINO. 
The Department of Surgery, Western Reserve University, School of Medicine and University 
Hospitals of Cleveland, Cleveland, Ohio. 


Since the first authentic case report of 
Beger(1) in 1882 of a carcinoid of the ap- 
pendix the tumor has been of interest to the 
clinician principally because of its rarity and 
to the histologist because of its unusual cell 
type and staining properties. Gosset and 
Masson(2), using silver impregnation tech- 


nics, demonstrated the presence of intracyto- 
plasmic granules which stain black with silver 
and which were indistinguishable from the 
granules found in the argentaffin cells of the 
intestinal mucosa. Masson suggested the 
possibility that carcinoid tumors arise from 
the argentaffin cells and postulated that the 
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normal cells had a neuroendocrine function. 

Lembeck(3) demonstrated the presence of 
5-hydroxytryptamine (5-HT) im carcinoid 
tumors in large quantities. This observation 
has led Thorson(4) to suggest that the secre- 
tion of 5-hydroxytryptamine (serotonin) by 
the tumor might serve to explain the unusual 
symptom complex seen in patients harboring 
this tumor. The clinical syndrome is charac- 
terized by intestinal hypermotility, broncho- 
spasm, vasomotor disturbances and valvular 
disease of the heart. The recent report of 
Sjoerdsma(5) eé al. concerning their investi- 
gation on a group of patients with malignant 
carcinoids support the postulate that the 
symptom complex described by Thorson and 
others is due to excess serotonin produced by 
the tumor. Further studies by the group 
have shown that 5-hydroxyindoleacetic acid 
(S-HIAA) is formed by oxidative deamina- 
tion of serotonin and excreted in the urine(6). 
Increased amounts of this metabolite have 
been demonstrated in the urine of patients 
with malignant carcinoid and a method for its 
assay has been described by Udenfriend(7). 
The recent reports of Benditt(8) showing an- 
tagonism of 5-HT by chlorpromazine led us to 
study the effects of this drug on a patient with 
a known malignant carcinoid. 

Method. The patient was a 56-year-old 
white woman in whom a carcinoid tumor of 
the ileum was diagnosed and resected in 1950. 
At the time of laparotomy metastases of the 
tumor to regional lymph nodes and liver were 
observed grossly and confirmed microscopi- 
cally. She has enjoyed reasonably good health 
since that time with the exception of chronic 
diarrhea, occasional episodes of ‘flushing” 
and periodic exacerbations of “arthritis.” No 
cardiac abnormalities have been noted. The 
patient was admitted to the Metabolic Divi- 
sion of University Hospitals and placed on a 
constant diet which remained unchanged dur- 
ing the study period. All urine was collected 
and aliquots from each 24-hour period were 
placed in a deep freeze. The number and 
character of the bowel movements were re- 
corded for each 24 hours. Following a con- 
trol period of 5% days the patient was started 


* Thorazine—Smith, Kline and French. 
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on oral chlorpromazine,* 25 mg every 6 hours. 
This was continued for 4 days at which time 
the drug was discontinued. The observation 
period extended for an additional 4% days 
following withdrawal of the medication. The 
24-hour urine samples were assayed for 5- 
HIAA according to the simplified method of 
Sjoerdsma et al.(9). A gross quantitation of 
the amount of 5-HIAA excreted was made by 
the intensity of the color produced by the 
test and was adequate for our purpose. The 
patient received no other medication during 
the experimental period. 

Results. Following administration of chlor- 
promazine there was a prompt and marked 
decrease in the excretion of 5-HIAA in the 
urine and a decrease in the number of bowel 
movements per 24 hours (Fig. 1). The stools 
became semi-solid in contrast to watery bowel 
movements observed during the control pe- 


‘riod. Within 24 hours following discontinua- 


tion of the medication the urine 5-HIAA con- 
tent returned to control levels and the diar- 
rhea again became manifest after 72 hours. 
Discussion. The evidence that carcinoid 
tumors produce excess quantities of serotonin 
seems incontrovertible and patients with this 
lesion afford an unusual opportunity to study 
the pharmacodynamic effects of this substance 
in vivo. The patient described in this study 
may be added to a growing list of reported 
cases in whom ithe presence of this tumor is 
associated with unusual clinical manifesta- 
tions which may be attributable to serotonin 
excess, 7.€., diarrhea, vasomotor disturbances 
(flushing), etc. The antagonistic effect of 
chlorpromazine on serotonin previously dem- 
onstrated in experimental animals(8) is fur- 
ther supported by this study as shown by the 
decrease in urinary 5-HIAA following admin- 
istration of the drug. The decrease in intes- 
tinal hypermotility as manifested by the re- 
duction in the number of stools noted in this 
patient affords additional corroborative evi- 
dence of serotonin inhibition. The mode of 
action of serotonin inhibition by chlorproma- 
zine remains speculative. It is not to be in- 
ferred from this report that chlorpromazine 
is necessarily recommended in the clinical 
management of these patients albeit true that 
symptomatic relief of the distressing diarrhea 
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FIG. 1. Graph showing prompt fall in the urine 5-hydroxyindoleacetie acid following oral ad- 

ministration of chlorpromazine and a return to premedication levels following withdrawal of 

the medication. Concomitant diminution in the No. of stools is also depicted occurring with 
chlorpromazine medication. 


was observed. 

Summary. 1. A marked fall in urinary 
5-HIAA excretion followed administration of 
chlorpromazine to a patient with known 
malignant carcinoid. 2. Intestinal hypermo- 
tility, one manifestation of the so-called “‘car- 
cinoid syndrome” was likewise suppressed 
during administration of the drug. 


The authors are grateful for the helpful sugges- 
tions of Dr. Jack Leonards, D. Stanley Levey, and 
Dr. Albert Sjoerdsma. 
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Stability of a Fluid Cholera Mucinase Preparation When Combined with a 


Commercially Prepared Cholera Vaccine. 


JosepH P. LOWENTHAL. 


(22676) 


(Introduced by G. Edsall.) 


Division of Immunology, Walter Reed Army Institute of Research, Walter Reed Army Medical 
Center, Washington, D.C. 


The demonstration by Burnet and Stone 
(1) that the mucinase of Vibrio comma causes 
desquamation of guinea pig intestinal epi- 
thelium suggested to these investigators that 
this enzyme may be involved in the patho- 
genesis of Asiatic cholera. Evidence to sup- 
port this hypothesis is provided by the recent 
report of Lam, Mandle and Goodner(2) that 
the cholera mucinase increases the permeabil- 
ity of the mouse intestinal wall in vivo as well 
as in vitro. It is postulated that the muci- 
nase, by causing desquamation of the intes- 
tinal epithelium, alters the permeability of 
the bowel wall to permit absorption of toxic 
substances and loss of fluids and electrolytes. 

The usual cholera vaccine, which consists 
of non-viable vibrio cells, does not stimulate 
production of antimucinase when injected into 
animals(1,3). Vibrio culture filtrates contain- 
ing active mucinase, on the other hand, are 
antigenic when administered parenterally to 
rabbits and guinea pigs, and result in the ap- 


pearance of specific antibodies which inhibit 


the in vitro desquamation and depolymeriza- 
tion activities of the homologous mucinolytic 
enzyme(1,4). It would appear, then, that the 
addition of cholera mucinase to the vaccine 
would enhance the protective potency of this 
immunizing agent against an enteric cholera 
infection, provided the mucinase retains its 
antigenic properties in such a preparation. 

Jensen(3) studied the stability of the chol- 
era mucinase in culture filtrates and reported 
that the enzyme in this state is extremely sen- 
sitive to heat, storage and chemical preserva- 
tives. He demonstrated that in vitro enzyme 
activity and antigenicity are related, and that 
both properties can be preserved by lyophil- 
ization. 

The studies reported herein were initiated 
to ascertain whether the application of a con- 
centration and purification procedure would 
result in a stabilized fluid mucinase prepara- 


tion, permitting the combination of the mu- 
cinase with the present cholera vaccine with- 
out affecting the im vitro activity and anti- 
genicity of the enzyme, or the antigenicity of 
the somatic antigens. 

Materials and methods. Culture: V. comma 
strain 20A78, the WRAIR designation for 
strain P93A obtained from Prof. K. Goodner, 
Jefferson Medical College, Philadelphia, Pa., 
was used for the preparation of mucinase by 
the method described below. Cholera vac- 
cine. Lederle Cholera Vaccine, Lot #1976- 
67K (expiration date 21 Oct. 1955), was ob- 
tained in Nov. 1954 for use in these studies. 
The vaccine contained 8,000 million killed 
cholera vibrios (equal numbers of Inaba and 
Ogawa strains) per ml, preserved in 0.45% 
phenol. Mucinase titrations: In vitro mu- 
cinolytic activity was measured by the tech- 
nic described elsewhere(5), which is based 
on the ability of the mucinase to depolymerize 
ovomucin so that the latter is no longer clotted 
by cetyl trimethyl ammonium bromide 
(CTAB). The ovomucin was prepared by 
the method of Gottschalk and Lind(6) and 
was standardized by the addition of borate- 
buffered calcium saline, pH 7.0,* to the maxi- 
mum dilution containing sufficient dissolved 
ovomucin to form a characteristic fibrous clot 
on addition of one drop of 1% aqueous CTAB 
to 0.5 ml of the standard solution in 0.5 ml of 
buffered saline. The mucinase titers recorded 
are the reciprocals of the ‘highest dilutions of 
the enzyme solutions which prevented the for- 
mation of the ovomucin-CTAB clot. Antimu- 
cinase titrations: The antimucinase activity of 
serum was measured by the constant antigen- 
varying antibody technic previously described 
(5). The titers recorded are the reciprocals 
of the highest serum dilutions which neutral- 


0.052 g Na.B,O,*10H,O, 1.0 g CaCl. (anhydrous), 
8.5 g NaCl, 1.203 g H.BO,. 
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ized the depolymerizing activity of 2 muci- 
nase units, permitting the formation of the 
ovomucin-CTAB clot. Agglutinin titrations: 
Serum agglutinin titers were obtained by em- 
ploying as antigen a saline suspension of agar- 
crown viable vibrios of the same strain from 
which the mucinase was prepared (20A78). 
Antigen-antiserum mixtures were incubated 
at 37°C for 2 hours followed by refrigeration 
overnight. The titers recorded are the re- 
ciprocals of the highest dilutions of the sera 
which yielded definite macroscopic agglutina- 
tion. 

Experimental results. Purification of Mu- 
cinase: In order to facilitate purification of 
the mucinase from culture filtrates an attempt 
was made to cultivate the cholera vibrio in a 
protein-free medium. Several synthetic me- 
dia and media containing protein hydrolysates 
were tried, and although good yields of bac- 
terial cells were obtained in many instances, 
little or no mucinolytic activity was demon- 
strated in the culture supernates. On the 
other hand, a dialysate of Brain-Heart In- 
fusion Broth was found to support the growth 
of the organism and to yield satisfactory mu- 
cinase titers, and was consequently used as 
the culture medium. 

Double strength Brain-Heart Infusion 
Broth (Difco) was dialyzed against an equal 
volume of distilled water at 4°C. After 24 
hours the dialysate was collected and was re- 
placed with another volume of water. This 
process was repeated again, after which the 
3 resulting dialysate solutions were combined 
to constitute the medium for the growth of 
the vibrios. Nine liter bottles containing 2 
liters of dialysate medium were seeded with 
50 ml of a 6 hour vibrio culture (in the same 
medium) and were incubated at 37°C for 17 
hours on a roller apparatus which constantly 
rotated the bottles (tilted at an angle of 30 
degrees) at 40 revolutions per minute 
throughout the incubation period, providing 
maximum aeration without excessive foaming. 
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The bulk of the bacterial cells was removed 
by centrifugation and the remainder by filtra- 
tion through a large Berkefeld filter of N 
(normal) porosity. The filtrate was then 
half-saturated with solid (NH4)2SO4 and was 
placed in the cold room overnight. The re- 
sulting sediment was dissolved in borate-buf- 
fered calcium salite and was dialyzed against 


the buffered saline until the dialysate no 


longer precipitated with a saturated barium 
chloride solution. Sterilization of the product 
was accomplished by filtration through a 
Selas filter (02 porosity). 

The final solution contained mucinase, 
other non-dialyzable ammonium sulfate pre- 
cipitated extracellular products of vibrio 
metabolism, and cellular substances (somatic 
antigens, etc.) liberated through lysis of the 
cells. The material used in this study was 
prepared in May 1953 from culture filtrates 
of V. comma strain 20A78. The original cul- 
ture filtrate contained 1.48 mg of nitrogen 
per ml and had a mucinolytic activity of 64 
units per ml, while the final product contained 
0.14 mg of nitrogen and 2048 mucinase units 
per ml (Table I). Comparable results have 
since been obtained with other preparations 
from the same strain, as well as with prepara- 
tions from 4 other V. comma strains, includ- 
ing a recent isolate from a human cholera 
case. 

Stability of in vitro enzyme activity: The 
partially purified mucinase in borate buffered 
calcium saline, prepared as described above, 
proved to be extremely stable when stored in 
the fluid state at 4°C, retaining its full 2 vitro 
enzymatic activity for at least 24% years (col- 
umn I, Table II). In Nov. 1954, after 114 
years storage, this mucinase solution was 
mixed with stock commercially prepared chol- 
era vaccine in 4 different proportions. These 
mixtures, in rubber stoppered vaccine bottles, 
were stored at 4°C for an additional year, 
with periodic assays for im vitro mucinase ac- 
tivity. No significant variation in titer, be- 


TABLE I. Comparison of Vibrio Culture Filtrate and Partially Purified Mucinase Solution. 


Muecinase Mucinase 
Preparation Vol, ml titer/ml Mg N/ml units/mg N Yield 
Culture filtrate 7800 64. ~—«-1.48 43.2 ae 
Purified mucinase 110 2048 14 14629 45% 
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TABLE II. Mucinase Titers of Mucinase-Vaccine 


Mixtures. 
SS ———————— 


Mixture* No. 
) 


1 2 3 4 53 

Muecinase solutnt 20ml 15ml 10ml 5ml IlIml 
Cholera vaecinet 0 Dee Oe lo 90” 

Date 

tested Mucinase titers 
5/18/53 2048 
12/ 1/54 2048 1024 #512 256 128 
If, 3/55 2048 1024 512 512 128 
2/ 7/55 2048 2048 1024 512 128 
3/21/55 2048 1024 1024 £512 64 
5/27/55 4096 2048 2048 1024 256 
FU haa h5}5) 2048 1024 512. 256 64 
8/1/55 2048 1024 1024 512 64 
9/30/55 2048 1024 1024 512 128 
12/5/55 4096 2048 2048 1024 128 


* Mixtures 2 through 5 prepared 11/24/54. 

+ Mucinase solution prepared in May 1953 from 
eulture filtrate of V. comma strain 20A78. 

¢ Lederle Cholera Vaccine, Lot No. 1976-67K. 
Mucinase titer = <4. 


yond that inherent in a technic involving 2- 
fold serial dilutions of the enzyme solution 
and different preparations of the substrate, 
was noted with any of the mixtures during 
this period (Table II). Stability of antigenic 
properties of the mucinase and of the somatic 
antigens: Subsequent to storage at 4°C for 
one year, 3.25 ml of the mixture containing 
mucinase and vaccine in equal volumes was 
injected intravenously into 3 rabbits in 8 
graded doses (ranging from 0.05 ml to 2.0 
ml) at 3-4 day intervals. Simultaneously a 
second group of 3 rabbits received intravenous 
injections of 1.625 ml of the mucinase prepa- 
ration alone and a third group was given 
1.625 ml of the cholera vaccine alone, in 
graded doses ranging from 0.025 ml to 1.0 
ml. The rabbits were bled 10 days following 
the final injection and ‘the sera were assayed 
for agglutinin and antimucinase activity. 

The antimucinase titers of the sera of rab- 
bits immunized with the mucinase-vaccine 
mixture fell in the same range as those result- 
ing from immunization with the mucinase 
solution alone (Table III). Thus there ap- 
pears to be no decrease in the antigenic sta- 
bility of mucinase as a result of its mixture 
with cholera vaccine, even after such a mix- 
ture has been stored for a year at 4°C. On 
the other hand, the appearance of agglutinins 
in the sera of these rabbits provides evidence 
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that the presence of active mucinase in the 
vaccine does not destroy the: antibody-stimu- 
lating properties of the vibrio somatic anti- 
gens. 

The presence of agglutinins in the sera of 
the rabbits immunized with the mucinase so- 
lution alone is undoubtedly due to the pre- 
cipitation of somatic antigens from the cul- 
ture filtrate along with the mucinolytic en- 
zyme during the preparation of the solution. 
Absorption of these sera with washed vibrios 
reduces the agglutinin titer without affecting 
the antimucinase activity(7). This, together 
with the observation that the cholera vaccine 
(containing non-viable cells) fails to stimu- 
late the production of antimucinase, provides 
evidence that the mucinase and the somatic 
antigens of V. comma are not immunologically 
related, thus confirming the findings of Bur- 
net and Stone(1) and Jensen(3). 

Discussion. ‘The role of the cholera muci- 
nase in the pathogenesis of Asiatic cholera 
has not as yet been definitely established by 
direct evidence. The studies of Burnet and 
Stone(1) and those of Lam, Mandle and 
Goodner(2) suggest that this enzyme can in- 
duce intestinal damage such as may resemble 
the effects of cholera in man. However, the 
report by Singh and Ahuja(8) of mucinolytic 
activity in culture filtrates of vibrios isolated 
from non-cholera sources suggests that this 
enzyme may at best be only one of several 


TABLE III. Antimucinase and Agglutinin Titers 
of Sera of Immunized Rabbits. 


Anti- 

Immunizing Rabbit mucinase Agglutinin 
antigens No. titer titer 
None (pre-immuni- 1,2 <20 <20 
zation sera) 4,5 <20 <20 
Hgts) <20 <20 
Mucinase solution* i 640 1280 
2 320 320 
3 640 1280 
Mueinase solution + 4 320 640 
cholera vaccine t 5 320 1280 
(@Lealy) 6 640 1280 
Cholera vaccine 7 <20 1280 
8 <20 1280 
9 <20 1280 


* Mucinase solution prepared from culture fil- 
trate of V. comma strain 20A78. 
t Lederle Cholera Vaccine, Lot No. 1976-67K. 
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factors involved in the disease process. If 
this proves to be the case, a truly effective 
cholera vaccine would have to contain a num- 
ber of antigenic components. Jensen(3) has 
pointed out that the cholera mucinase must 
be maintained in its native state if it is to re- 
tain its antigenicity. Since the enzyme in the 
vibrio culture filtrate was extremely unstable, 
he suggested lyophilization as a method of 
preserving the im vitro activity and antige- 
nicity of this material. The results of the 
present study, however, indicate that it is 
possible to obtain a stable mucinase solution, 
which can be combined with the present fluid 
cholera vaccine without altering the antibody- 
stimulating properties of the enzyme or of the 
somatic antigens. 

No experimental data are available at this 
time to provide an explanation for the sta- 
bility of the mucinolytic enzyme in the puri- 
fied preparation as contrasted with the ex- 
treme lability of this enzyme in the culture 
filtrates. The purification procedure may 
have removed or inactivated some substance, 
perhaps another enzyme, which is responsible 
for the rapid deterioration of the mucinase. 
The possibility that one of the ingredients of 
the buffered calcium saline solution, employed 
as the solvent for the purified material, is pro- 
tective must also be considered since Burnet 
and Stone found that the enzyme in culture 
filtrates diluted in buffered calcium saline is 
less readily inactivated by heat than in un- 
diluted filtrates. Additional studies are 
planned to elucidate this point. 

The partially purified mucinase solution 
has, in addition to its stability, other features 
which enhance its value as an immunizing 
antigen. The use of a dialyzed medium, which 
is not precipitated by ammonium sulfate, in 
the preparation of this material has elimi- 


nated high molecular weight medium constit- 
uents which might cause undesirable reac- 
tions when injected into animals or humans, 
and thus eliminates the necessity of develop- 
ing chemical fractionation procedures for the 
removal of these substances. Furthermore, 
the preparation contains, in addition to the 
mucinase, other products of vibrio metabo- 
lism, some or all of which may be desirable 
components of an immunizing agent for Asi- 
atic cholera. 


Summary. 1. A method is described for 
the preparation from cholera culture filtrates 
of a mucinase solution which retains its im 
vitro mucinolytic activity for periods in excess 
of 2 years. 2. This preparation has been 
combined with a commercially prepared fluid 
cholera vaccine without affecting the im vitro 
activity of the enzyme, the antigenicity of 
the mucinase, or the antigenicity of the vibrio 
somatic substances. 3. The advantages of 
employing such a preparation as an immuniz- 
ing agent for Asiatic cholera are discussed. 


The technical assistance of Mr. Gerald A. Cole is 
gratefully acknowledged. 
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Propagation of Measles Virus in a Strain of Human Epidermoid Cancer 


Cells (Hep-2).* 


(22677) 


Francis L. Brack, MAGDALENA REISsIG AND JOSEPH L. MELNICK. 
Section of Preventive Medicine, Yale University School of Medicine, New Haven, Conn. 


In 1954 Enders and Peebles(1) reported 
the isolation of a cytopathogenic agent from 
patients with measles. Human and monkey 
kidney cultures were used in their study, but 
they reported that uninoculated monkey cul- 
tures may contain transmissible agents which 
cause effects at times difficult to distinguish 
from those of measles virus. The infectiv- 
ity titer of human kidney cultures, including 
fluid and disrupted cells, was only 10° 
TCDso per ml. The purpose of this note is 
to report the adaptation of measles virus to a 
human cancer cell strain, Hep-2(2), and cer- 
tain characteristics of the virus grown in this 
cell strain. Hep-2 is easily grown in the ab- 
sence of human serum, has thus far proved 
free of latent agents, and can yield titers of 
measles virus greater than 10° TCDs 9 per ml. 

Methods. Adaptation to Hep-2 cells. The 
23rd human kidney passage of the Edmon- 
ston strain of measles virust was inoculated 
into cultures of several cell strains, including 
Hep-2.t All cultures were kept in Eagle basal 
medium for HeLa cells(3) supplemented with 
10% calf serum. The medium was changed 
every 4-7 days. No cytopathic (CP) changes 
characteristic of measles (multinucleate giant 
cells with intranuclear inclusions) were ob- 
served, but one HeLa culture degenerated in 
a nonspecific manner after 38 days incuba- 
tion. When fluid from this culture was pas- 
saged into fresh HeLa and Hep-2 cultures, a 
non-specific type of degeneration again oc- 
curred in the HeLa culture but giant syncy- 
tial cells were found in Hep-2. Characteristic 


* This investigation was supported by grants in 
aid from the N.I.H., U.S.P.H.S. (Grant E-701C) and 
the Amer. Cancer Society (Committee on Growth). 

+ The stock of measles virus and acute and con- 
valescent sera were graciously supplied by Dr. John 
F. Enders of the Children’s Hospital, Boston. The 
original stock of Hep-2 and of certain other cultures 
which were tested, were obtained through the kind- 
ness of Dr. Alice E. Moore of the Sloan-Kettering 
Institute, New York City. 


the medium free of human serum. 


CP effects have been noted in later HeLa pas- 
sages but they have been easier to recognize 
in Hep-2 cultures where ‘the controls can be 
maintained in excellent condition for weeks in 
CE 
changes have been observed in Hep-2 cul- 
tures 2 days after infection when large inocula 
were used but with small imocula 3-4 weeks 
might pass before recognizable changes ap- 
peared. Another measles virus line has been 
established in Hep-2 without HeLa passage, 
but after 2 passages in monkey kidney cul- 
ture and with similarly prolonged initial in- 
cubation periods. 

Results. Only 6 passages in Hep-2 cells 
have been made to date but multiplication has 
been established by the facts that, including 
changes, a total dilution of about 10*° of our 
original seed material has been involved and 
the titer of the last harvest was 100 times 
greater than that of the initial seed. The 
identity of 'the virus has been established by 
its characteristic CP effect and by a neutra- 
lization test. The typical CP effect was best 
manifest when the cultures were grown in En- 
ders biological medium containing 35% 
Hanks salt solution, 35% beef amniotic fluid, 
25% heated horse or calf serum and 5% beef 
embryo extract, or in a synthetic medium 
lacking glutamine(4). The neutralization test 
(Table I) was carried out by mixing 1/10 
acute or convalescent serum from patients 
with measles, with serial virus dilutions and 
incubating one hour at room temperature be- 
fore inoculation of Hep-2 cultures. Dr. John 
F. Enders had found that these patients had 
developed a marked rise in measles antibodies 
and kindly made aliquots of the sera available 
to us. 

Growth of Virus in Hep-2 Cells. Cultures 
of Hep-2 cells in Eagle medium were inocu- 
lated with 10° TCDs 9 of adapted measles 
virus and washed 2 hours later. New virus 
was first detectable 18 hours after inoculation 
when the cells were ruptured by freezing and 


108 MEASLES VIRUS IN 
TABLE I. Neutralization of Hep-2 Passage 
Measles by Human Serum. 

Virus titer Logs virus 
Serum (neg. log.) neutralized 
None 7.0 
Acute 7.2 0 
Convalescent 2.5 4.5 


thawing. Free virus first appeared in the fluid 
about 12 hours later (Table II). Peak titers 
were achieved in 2%4 days. The maximum 
complement-fixation titers have been 4%. En- 
ders and Peebles(1) reported that their hu- 
man kidney grown material provided a usable 
antigen without concentration. It is thus ap- 
parent that Hep-2 cultures do not offer, in 
comparison with human kidney, proportion- 
ally as great increases in C-F antigens as of 
infective virus. 

Infection of monkeys. Enders(5) has found 
the rhesus and cynomolgus macaques may 
possess naturally acquired antibodies against 
measles virus. In an attempt to determine 
how widespread this phenomenon might be, 
sera from 10 monkeys of various species have 
been tested. Six of these, including rhesus 
(Macaca mulatta), mangabey (Cercocebus 
torquatus lunulatus), green (Cercopithecus 
aethiops sabeus) and African white (C. a. 
tantalus), possessed virus inhibitors in their 
serum. The same sera, as well as 4 specimens 
from the African red grass monkey (Erythro- 
cebus patas), gave positive C-F reactions 
with measles antigen. Eight monkeys, includ- 
ing 4 rhesus without pre-existing neutralizing 
antibodies, were inoculated intramuscularly or 
intravenously with 1 ml of Hep-2 passage 
virus. One of those with preantibodies had 
an elevated temperature and bouts of shiy- 
ering for 4 days, beginning 12 days after in- 
jection. It is questionable whether this ill- 
ness was associated with the inoculation. The 
only sign of illness in the other monkeys was 
a marginal temperature elevation in one mon- 
key without antibodies 13 days after inocula- 
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TABLE II. Growth of Measles in Hep-2 Culture. 
Virus titer (neg. log.) 
Hr after Supernatant 

inoculation Frozencells.: fluid 
12 0 Qe 
18 3.0 0 
30 3.7 1.2 
57 6.0 5.2 


‘tion. Sera from 4 monkeys with antibodies 


and 2 without were checked for viremia. Posi- 
tive results were obtained 7 and 13 days after 
inoculation from those monkeys without prior 
antibodies but not from the others. The virus 
that was isolated from the monkeys’ blood did 
not cause recognizable CP changes in Hep-2 
cells until after 30 to 56 days of incubation. 
Tt seems possible that the single monkey pas- 
sage had partially reversed the adaptation of 
the virus to Hep-2 cultures. 

Summary. Measles virus has been adapted 
to a cancer cell strain derived from a human 
epithelioma. The Hep-2 cell strain provides 
a particularly useful system for the study of 
measles because of its growth characteristics 
in media free of human serum, its freedom 
from latent cytopathogenic agents, and the 
high yields of virus that may be rapidly ob- 
tained. After adaptation to Hep-2 the virus 
was still capable of infecting monkeys but 
caused little or no illness. 


The authors wish to express their gratitude to J. S. 
Huang for his contributions in the first phase of this 
work and to Stephen Greenwald and Sigrid Angerer 
for their technical assistance. 
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Hypoglycemic Action of Indole-3-Acetic Acid by Mouth in Patients 


with Diabetes Mellitus.* 


(22678) 


I. ARTHUR Mirsky AND DaANnteEL Driencort. 
Department of Clinical Science, University of Pittsburgh School of Medicine, Pittsburgh. 


The administration of indole-3-acetic acid 
by mouth to normal rats results in a statis- 
tically highly significant hypoglycemia and a 
concomitant reduction in the rate of insulin 
destruction.t Since a similar decrease in the 
blood sugar does not occur in the severely dia- 
betic alloxanized rat, the response cannot be 
due to an inhibition of the secretion or action 
of glucagon or to an acute non-specific hepa- 
totoxic action. Accordingly the hypoglycemic 
response must be dependent upon the pres- 
ence of insulin. This insulin dependence may 
be due to either an increase in the secretion 
or to a decrease in the rate of destruction of 
endogenous insulin consequent to an inhibi- 
tion of the enzyme system, insulinase, which 
is relatively specific in catalyzing the hydroly- 
sis of insulin. In accord is the fact that in- 
dole-3-acetic acid is an inhibitor of insulinase 
in vitro and in vivo.t 

The present report deals with observations 
in man on the acute action of indole-3-acetic 
acid by mouth on the blood sugar concentra- 
tion. 

Method. Twelve adult patients with dia- 
betes mellitus and 6 subjects without any evi- 
dences of a disturbance in carbohydrate 
metabolism were studied. In all instances, 
the patients with diabetes mellitus developed 
clinical evidences of the disorder after the age 
of 40 years (mean age of onset + SE = 
49.2 + 2.0 years). The duration of the syn- 
drome was from 2 to 16 years (mean duration 
+ SE = 7.7 + 1.3 years). Those patients 
who were maintained on long-acting insulins 
were transferred to regular insulin for 3 to 5 
days before the study in order to obviate the 
effect of insulin depots. All subjects served 
as their own controls in that the effect of 


* Presented before the Pittsburgh Diabetes Assn. 
on Feb. 15, 1956. Aided by grants from the Foun- 
dations’ Fund for Research in Psychiatry and The 
Upjohn Co. 

+ Published in abstract. 
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drinking 5 ml of 0.5% sodium bicarbonate, 
(pH 7.8)/kg body weight on the blood sugar 
concentration was studied on one occasion 
and the effect of a similar volume of bicar- 
bonate containing 100 mg_ indole-3-acetic 
acid/kg body weight was determined on an- 
other occasion. The subjects were fasted 
overnight before each test and those with dia- 
betes were not given any insulin on the morn- 
ing of the test. Venous blood samples were 
taken before and at hourly intervals for 5 
hours after the patients drank the solution 
and the concentration of glucose was deter- 
mined by Nelson’s method(1). 

Results. A small, but statistically signifi- 
cant decrease in the blood sugar concentration 
occurred in the apparently healthy subjects 
after the ingestion of the indole-3-acetic acid 
dissolved in sodium bicarbonate (Fig. 1). 
Whereas the blood sugar concentration (mean 
+ SE) showed a slight increase from 82.7 
+ 5.8 to 93.5 + 5.8 mg % by the end of the 
5 hours after the ingestion of the sodium bi- 
carbonate, the blood sugar decreased from 
81.7 + 4.0 to 68.6 + 2.7 mg % during the 
same interval after the indole-3-acetic acid 
solution. By the third hour the difference 
between the 2 responses was statistically 
highly significant (P<0.001). 

The patients with diabetes mellitus likewise 
developed a hypoglycemic response to the in- 
dole-3-acetic acid (Fig. 2). Whereas these 
patients developed a maximum decrease in 
the blood sugar concentration from 257.3 + 
10.2 to 210.5 + 13.3 mg % in 5 hours after 
the ingestion of the sodium bicarbonate solu- 
tion, the blood sugar decreased from 232.9 + 
16.0 to 143.4 + 11.8 mg % during the same 
interval after indole-3-acetic acid. The dif- 
ference between the responses to the two solu- 
tions was statistically significant by the sec- 
ond hour (P>0.01) and ‘thereafter. A re- 
peated measures analysis of variance(2) like- 
wise revealed a significant difference (P> 
0.01) between the curves of the blood sugar 
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FIG. 1. Effect of indole-3-acetic acid on blood 
sugar concentration of non-diabetic subjects. 
Blood sugar concentration at each interval is 


expressed as the % (mean + S.E.) of concentra- 

tion prior to ingestion of the solution. Initial 

blood sugar concentration before the sodium bi- 

carbonate solution was 82.7 + 5.8 mg %, and 81.7 

+ 4.0 mg % before the indole-3-acetic acid solu- 
tion. 

responses to the two solutions. 

Discussion. The relatively gradual de- 
crease in the blood sugar concentration after 
the ingestion of indoleacetic acid by the non- 
diabetic subjects differs from ‘the rapid maxi- 
mal hypoglycemia which results within one 
hour after 1-butyl-3-p-tolylsulfonylurea by 
mouth(3). Various considerations have led 
to the hypothesis that the immediate hypogly- 
cemic response of non-diabetic subjects to the 
tolylsulfonylurea is due to the discharge of 
insulin from the Islets of Langerhans into the 
circulation while the persistence of the hypo- 
glycemia is due to the inhibition of insulinase 
and a consequent decrease in the rate of de- 
struction of endogenous insulin(3). The re- 
sponse of the non-diabetic subjects to the in- 
doleacetic acid, however, suggests that an 
acute stimulation of the Islets of Langerhans 
does not occur after the ingestion of this com- 
pound. Both the diabetic and non-diabetic 
groups show a gradual decrease'in the blood 
sugar concentration which is similar to that 
observed in responsive patients with diabetes 
after the administration of tolylsulfonylurea 
(4) and may be attributed to an inhibition of 
insulinase and a decrease in the rate of in- 
sulin destruction. The data are in accord 
with the hypothesis that ‘the insulin insuffi- 
ciency of many patients with diabetes mellitus 
is due to an increase in the rate of destruction 
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FIG. 2. Effect of indole-3-acetic acid on blood 
sugar concentration of patients with diabetes mel- 
litus. Blood sugar concentration at each interval 
is expressed as % (mean + S.E.) of concentration 
prior to ingestion of the solution. Initial blood 
sugar concentration before the sodium bicarbonate 
solution was 257.3 + 10.2 mg %, and 232.9 + 16.0 
mg % before the indole-3-acetic acid solution. 


of insulin by the tissues rather than to a 
marked decrease in the rate of production of 
insulin by a severely damaged pancreas(5). 

Although the data reported herein suggest 
that indoleacetic acid can be effective by 
mouth in decreasing the blood sugar of pa- 
tients who developed diabetes after 40 years 
of age, the relatively small number of patients 
studied and the lack of information concern- 
ing the long-term toxic effects of indoleacetic 
acid and other plant growth hormones pre- 
cludes their application to the therapy of dia- 
betes mellitus at the present time. The 
studies, however, do suggest an hitherto un- 
suspected relationship between plant and ani- 
mal hormones. 

Conclusions. Indoleacetic acid by mouth 
produces a decrease in ‘the blood sugar of 
adult patients with diabetes mellitus. 
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Effect of Castration upon Susceptibility to MEF, Poliomyelitis Virus 


Inoculated Intraperitoneally in Hamsters.* 


(22679) 


CONSTANTIN V. TEODORU. 
Department of Microbiology, Mount Sinai Hospital, New York City. 


It has been shown that in comparison with 
normal hamsters inoculated intracerebrally 
with MEF, virus, the castrated animals 
showed a higher mortality from poliomyelitis 
while ‘those treated with testosterone or 
goniadotrophic hormone showed a lower mor- 
tality(1). In order to determine whether 
castration is able to overcome the refractory 
state of hamsters to intraperitoneal imocula- 
tion of virus, the susceptibility to this route 
of inoculation was investigated at various pe- 
riods following castration. 

Materials and methods. Male Golden 
hamsters, 25-50 g, were used. A volume of 
0.5 ml MEF, virus suspension diluted 1/50 
in saline (7.e., 800 Mouse LD;9) was inocu- 
lated intraperitoneally. Bilateral  orchi- 
ectomy was performed at different intervals 
before and after inoculation of virus and in- 
fectivity in castrated animals was compared 
with that of non-castrated controls. All para- 
lyzed animals were sacrificed and, in order to 
confirm the clinical diagnosis, their spinal 
cords were examined histologically and a sus- 
pension of the cord was inoculated into mice. 
Cortisone (1.5-2.5 mg) in a single intramus- 
cular administration was injected for the 
study of individual and combined effects of 
castration and cortisone treatment. To inves- 
tigate possible protective effects associated 
with compensatory phenomena following cas- 
tration, the refractory state to intraperitoneal 
inoculation was eliminated by means of a 
single intramuscular injection of cortisone im- 
mediately prior to the viral inoculation. The 
results were analyzed by statistical procedures 
previously described(1). 

Results. Seventeen % of castrated ham- 
sters receiving MEF, virus intraperitoneally, 
24 hours following orchiectomy, developed 
paralytic poliomyelitis, confirmed by mouse 
inoculation and by histological examination 


* Aided by grant from National Foundation for 
Infantile Paralysis. 


of the spinal cord. None of the similarly in- 
oculated but uncastrated control animals de- 
veloped the disease (Table I). When cas- 
tration was performed 3 days after the admin- 
istration of virus, only 1 animal out of 45 
developed the disease, which may be ex- 
plained by our previous observation of the 
rapid disappearance of intraperitoneally in- 
jected virus(2). Recent castration plus small 
doses of cortisone revealed a synergistic ef- 
fect in enhancing susceptibility to poliomye- 
litis virus as compared to either castrated or 
cortisone treated controls alone (Table I). 
The findings with respect to intraperitoneal 
inoculation of virus 14 days after orchiectomy 
were similar to those previously reported in 
hamsters inoculated intracerebrally where it 
was shown ‘that compensatory phenomena 
usually occur at that stage following castra- 
tion substituting a degree of resistance for the 
initial enhancement of susceptibility induced 
by testicular suppression(1). To determine 
whether a similar protective effect may be ob- 
served 14 days after castration in peritoneally 
inoculated animals, 2.5 mg of cortisone was 
administered intramuscularly followed by 
MEF, virus (800 mouse LD; )) inoculated 
intraperitoneally the same day. A _ signifi- 
cantly lower proportion of 14-day castrates 
developed the disease as compared to both 
24-hour castrates and uncastrated controls re- 
ceiving the same: dose of cortisone (Table I). 


Overdosage of testosterone significantly di- 
minished the mortality of cortisone treated 
hamsters inoculated intraperitoneally with 
MEF, virus (Table Il). However the reduc- 
tion in paralytic incidence and mortality was 
of little statistical significance if the animals 
dying without paralytic symptoms were elimi- 
nated from both treated and control groups 
(Table II). 

Discussion. From the above experiments 
it may be observed that orchiectomy is a con- 
ditioning factor in the pathogenesis of experi- 
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TABLE I. 


IN CASTRATED HAMSTERS 


Effects of Castration and of Cortisone Treatment upon Infectivity by Peritoneal 


Route in Hamsters. (All groups received a single intraperitoneal inoculation of MEF, virus, 
800 mouse LD,p.) 


Significance 
Cortisone, No. Paralyticin- of difference 
Groups mg animals cidence, % es Sa 
Non-castrated control 0 60 0 001 
24 hr after castration 0 35 | 17 
Idem .5-1.0 58 ey | -001 
‘A 1.5-2.5 63 “54 
Non-castrated control 1.5-2.5 105 36 01 
14 days after castration 2.5 29 10 


mental poliomyelitis since it enhances suscep- 
tibility to intracerebrally inoculated virus(1), 
and overcomes the refractory state to polio- 
myelitis virus inoculated peritoneally. With 
time, however, compensatory mechanisms 
come into play, and a state of resistance fol- 
lows initial susceptibility induced by orchiec- 
tomy. This biphasic effect of castration 
raises the question as to whether susceptibility 
alterations are the result of suppression of 
testicular function or whether they are sec- 
ondarily induced by the adrenal alterations 
that follow orchiectomy. It has been shown 
that during the initial 5 day period following 
castration, adrenal hypertrophy and involu- 
tion of the thymus coincide with enhanced 
susceptibility to MEF, virus, while 14 days 
later, a progressive adrenal involution and 
thymus hypertrophy coincide with increased 
resistance to poliomyelitis(1). The fact that 
both adrenal hypertrophy and enhanced sus- 
ceptibility to poliomyelitis follow any trau- 
matic stress(2), suggests that during the ini- 
tial stage following castration, enhancement 
of susceptibility was produced as a conse- 
quence of operatory trauma rather than by the 
suppression of testicular function. However, 


several other observations such as the inverse 
relationship between testicular maturity and 
susceptibility to poliomyelitis in relation to 
age and seasonal fluctuations(3), the protec- 
tive effect of. gonadotropine and of testos- 
terone treatment(1), the association of large 
testes and resistance to poliomyelitis infection 
in certain races of hamster (Chinese, Albino), 
would indicate that testicular hormones have 
a protective influence against experimental 
poliomyelitis. Actually it is not. possible, to 
determine the individual contributions of 
adrenal gland and testis in determining the 
susceptibility level, since in addition to the 
possible direct hormonal interactions, the two 
endocrines influence each other indirectly 
through the mediation of the pituitary gland. 
Thus, orchiectomy produces  polyphasic 
adrenal alterations which are followed by 
polyphasic fluctuations in susceptibility to 
poliomyelitis, while cortisone treatment pro- 
duces testicular involution which is paralleled 
by enhancement of both morbidity and mor- 
tality from poliomyelitis(1). When cortisone 
treatment follows castration, their combined 
effects may be synergistic (initial stage), or 


TABLE II. Effect of Testosterone Overdosage upon Mortality in Hamsters Injected with 3 mg 


Cortisone Intramuscularly and with MEF, Virus Intraperitoneally (800 Mouse LD5). 


Total mortality (includ- 
ing animals dying with- 
out paralytic symptoms ) 


Mortality from poliomyelitis 
(excluding animals dying 
without paralytic symptoms) 


iG Ta) Pa aa! 
Preliminary No. of Mortality, Significance Mortality, Paralysis, 
treatment animals % ho) 2 4 % Cope % bea 21d 
Depo—Testosterone* 249 43 29 40 
(15 mg im.) 0002 03 04 
Control 245 60 40 51 


* Upjohn Co. 
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antagonistic (compensatory stage), depend- 
ing upon the experimental timing. From the 
effects of these interacting mechanisms it may 
be concluded that: refractoriness may be con- 
verted into susceptibility to poliomyelitis and 
vice versa, by factors influencing the adrenal- 
testis equilibrium either by direct action or by 
interference with pituitary function. The 
latter mechanism, which seems to be respon- 
sible for the effects of certain seasonal and 
dietary factors upon _ susceptibility(2,3), 
should be taken into consideration as one of 
the prospective means for disease prevention. 


Summary. 1. A significant proportion of 
castrated male hamsters inoculated with 
MEF, virus intraperitoneally developed para- 
lytic poliomyelitis, whereas non-castrated con- 
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trols were completely refractory to the virus 
by this route. 2. Enhancement of suscepti- 
bility observed immediately after castration 
was found to be reversed during the compensa- 
tory stage 2 weeks later. 3. The effect of 
castration upon susceptibility to experimental 
poliomyelitis was synergistic with cortisone 
during the initial stage, but antagonistic dur- 
ing the compensatory stage. 


1. Teodoru, C. V., and Shwartzman, G., J. Exp. 
Med., 1954, v100, 563. 

De , Proc. Soc. Exp. Brox. AND Mep., 1956, 
v91, 181. 

3. Shwartzman, G., Aronson, S. M., Teodoru, C. V., 
Adler, M., and Jahiel, R., Ann. N. Y. Acad. Sci., 
1955, v61, 369. 
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Relationship between Behavioral Changes and Brain Cholinesterase 
Activity Following Graded Intracerebral Injections of DFP. (22680) 


RicHarp P. Wuite.* (Introduced by Harold E. Himwich.) 
Thudichum Psychiatric Research Laboratory, Galesburg State Research Hospital, Galesburg, Ill. 


Previous studies have shown that forced 
circus movements may be induced by uni- 
lateral electrostimulation(1,2,3,4) or ablation 
(5,6,7,8) of various parts of the neuraxis. 
Forced circling may also be produced by 
unilateral intracarotid injections of the 
anticholinesterase diisopropylfluorophosphate 
(DFP) (9,10,11,12) as well as by micrometer 
syringe injections of DFP and CNS stimu- 
lants into specific brain structures.t It has 
been disclosed that the intracerebral admin- 
istration of 0.01 ml solutions containing from 
0.06 to 0.16 mg of DFP does not result in 
significant spread of this substance to adja- 
cent cerebral gray matter.t This finding 
opened the possibility to determine (1) the 
level of cholinesterase (ChE) activity at 
which stimulation of specific CNS structures 
occurs and (2) the relationships between the 
dose of DFP, the level of ChE activity and 
the production of forced circling. The cau- 


* Present address: University of Tennessee Medical 
School, Memphis, Tenn. 
t In abstract, Fed. Proc., 1956, v15, 199. 


date nucleus was selected for this study be- 
cause of its comparatively high level of ChE 
activity(10,12) and the known role it plays 
in the forced circus movements induced by 
micrometer injections into this structure.t 


Methods. In all experiments DFP was ad- 
ministered into the right caudate nucleus by 
means of a micrometer syringe attached to a 
stereotaxic apparatus. Solutions of DFP 
were made by diluting weighed amounts with 
water so that injections of 0.01 ml would de- 
liver between 0.0001 mg to 0.32 mg. In order 
to inject greater doses undiluted quantities of 
DFP were employed because DFP is immis- 
cible in this volume of water in amounts 
greater than 32 mg. The dose of undiluted 
DFP was determined by appropriate adjust- 
ment of the micrometer syringe and in all 
such cases the volume was less than 0.01 ml. 
The entire dose range of DFP employed was 
from 0.0001 mg to 10 mg. Controls were ob- 
tained by injections of 0.01 ml of physiologi- 
cal saline. Mock injections were also made 
in order to determine whether DFP was de- 
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ity and the behavioral response to inj. of from 

0.0001 to 10 mg of DFP into the right caudate 

nucleus. Cireling was always contraversive (i.é., 

away from the inj. side). Note that one experi- 

mental value is shown at naught ChE activity. 

Also observe that 2 values for circling animals are 
almost superimposed, 


posited in the brain merely upon insertion of 
the needle. To assure the delivery of solu- 
tions to exactly the point desired the bevel of 
a 27 gauge needle was ground off. This caused 
the direction taken by the drop to be parallel 
to the long axis of the needle. The needle was 
cleared with a stylus before each injection. 
Animals which had shown signs of bleeding 
during the experiment or at autopsy were dis- 
carded. Only male albino rabbits of approxi- 
mately the same weight (average 2238 g) 
were selected for this study so that their 
cranial dimensions would be as uniform as 
possible, e.g., the Bregma to Lambda skull 
length in all of these animals was close to 
18.35 mm. A local anesthetic (0.5% ponto- 
caine) was administered subcutaneously over 
the dorsum of the skull and the scalp was laid 
open. The animals were ‘then lightly ether- 
ized and a hole drilled through the cranium 
with a dental burr 2 mm anterior to the trans- 
verse suture and 2 mm lateral to the longi- 
tudinal suture. The injection into the caudate 
nucleus was made at this point at a depth of 
9 mm from the external skull surface. Ether 
administration was then stopped and the ani- 
mal was released from the stereotaxic instru- 
ment and observed for at least 1 hr. The ani- 
mals were then sacrificed by an intravenous 
injection of air and the ChE activities’ bi- 
laterally determined in the caudate nuclei, 
dorsomedial thalami and motor cortices by 
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the titrimetric method of Aprison, Nathan 
and Himwich(10). All ChE determinations 
were run “blind.” In a second series of ex- 
periments 0.2 mg of atropine sulfate was ad- 
ministered with 0.16 mg of DFP and in a 
third one 1 mg of atropine sulfate was in- 
jected i.v. after forced circling was induced 
by the deposition-ef 0.16 mg of DFP into the 
nucleus caudatus. 

Results. Injections of from 0.01 to 0.32 
mg of DFP in solution into the caudate nu- 
cleus resulted in every case in contraversive 
forced circus movements which persisted for 
longer than 15 minutes (range from 18 min. 
to 1 hr. and 44 min.). As seen in Fig. 1 the 
ChE activity of the right caudate nucleus was 
below 40% of the control value in each of 
these circling animals. The ChE activity 
determinations on the left caudate nucleus, 
however, revealed values which were higher 
than 50% of normal and in general with doses 
of from 0.01 to 0.16 mg there was no sig- 
nificant evidence of spread of the injected 
DFP either to the opposite caudate or to the 
rest of the brain. With greater doses (0.23 
to 0.32 mg) a spread of this substance 
throughout the brain was evident. Neverthe- 
less the ChE activity values were always more 
than 50% of the control in parts of the brain 
other than the right nucleus caudatus. No 
other effects of DFP such as miosis or head 
nystagmus(9,11) were observed as a result 
of the intracerebral injection of this sub- 
stance. 


With doses of 1 and 2 mg of undiluted DFP 
contraversive circling was less than 8 minutes 
in duration and only intermittent. Doses of 
3 and 10 mg did not cause circling and re- 
sulted in the death of the rabbit within 7 to 
60 minutes after the intracerebral injections. 
In all of these animals the ChE activity in 
the left caudate nucleus was less than 35% 
of normal and in those that died it was near 
zero; the other brain areas in fatal cases had 
decreased to less than 13% of normal values. 


On the other hand, injections of less than 
0.01 mg of DFP did not cause any apparent 
change in the behavior of the animal and the 
ChE activity values were greater than 40% 
of normal. As shown in Fig. 1 the distribu- 
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tion of ChE activity of the right caudate nu- 
cleus in this noncircling group was greater 
than with the circling animals. No significant 
ChE activity reduction (less than 4%) re- 
sulted from the mock injections. 

Addition of 0.2 mg of atropine sulfate to 
the injected solution of DFP prevented the 
appearance of forced circus movements. 
Moreover, the i.v. administration of 1 mg of 
atropine was effective in stopping the circus 
movements induced by previous intracerebral 
injections of DFP (0.04 to 0.16 mg). 

Discussion. The results indicate that the 
optimum dose for the production of contra- 
versive circling by intracerebral administra- 
tion of DFP into the caudate nucleus is be- 
tween 0.01 and 0.32 mg and that no sig- 
nificant spread of DFP from such injections 
may be expected with doses from 0.01 to 0.16 
mg. Greater concentrations lead to an in- 
creasingly greater degree of spread of this 
substance, a finding which suggests that be- 
yond a certain dose the quantity lost is in- 
creased progressively either by way of the 
circulation or cerebral spinal fluid. Because 
of this spread it was not possible to limit the 
reduction of ChE activity ‘to a single brain 
structure to near zero by this method. Such 
low values for the caudate nucleus, however, 
have been reported when DFP is administered 
by means of tthe common carotid artery 
whereas other areas of the brain do not suffer 
a similar profound decrease in enzyme activ- 
ity(10,13). Under these conditions electro- 
graphic(12,14) and other evidence(7) has 
been advanced to show that the nucleus cau- 
datus is physiologically active. Since it was 
necessary to excise the entire caudate nucleus 
in order to obtain enough tissue for analysis, 
it is possible that the ChE activity of the 
caudate nucleus at the injection site was more 
reduced ‘than reported in this study for 
circling animals. On the other hand, when 
DFP is administered intracarotidly the len- 
ticulostriate vessels would cause a more uni- 
form distribution of this substance to the 
caudate nucleus(12) and consequently an 
analysis of this whole structure may lead to 
lower values than was obtained by intracere- 
bral injections. 

This study also indicates that the ChE ac- 
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tivity of one of the two caudate nuclei must 
be reduced to at least 40% of control value 
if circling is to be expected. There is no rea- 
son to believe that other brain areas need be 
affected by DFP to induce circling by intra- 
cerebral injections into this structure (see 
also referencet). The similarity between 
forced circus movements obtained in this 
study and those resulting from vestibular ex- 
citation with DFP(15) suggests a func- 
tional relationship between these two systems 
as proposed by Muskens(16). That death 
occurs when the total brain ChE activity is. 
10% of normal or less has been previously 
reported(17). Interestingly it occasionally 
took as long as an hour for massive doses of 
DFP to cause death when injected by mi- 
crometer syringe. This prolonged period 
would seem to offer a special advantage in 
the study of nerve gas antidotes when lethal 
doses are employed. 

Atropine has been shown to correct the 
forced circus movements induced by DFP 
(injected via common carotid artery)\(9) and 
it is thought therefore that DFP whether in- 
jected intracarotidly or intracerebrally has its 
effects by a cholinergic mechanism. The find- 
ing that intracerebral injections of DFP may 
induce circling in the rabbit supports the con- 
clusions of other investigators that DFP ad- 
ministered intracarotidly causes circling 
through its central effects(13). None of the 
observable peripheral signs of the adversive 
syndrome(9,11) such as ipsiversive miosis: 
are evident with intracerebral injections of 
DFP. The similarity between responses ob- 
tained with electrostimulation of different 
brain areas and micrometer syringe injections 
of DFPt reveal the possibility that this last 
procedure may be used as an additional 
method to study experimentally CNS cholin- 
ergic drugs and their antagonists. 

Summary. The relationship between the 
amount of DFP injected into the right cau- 
date nucleus and the resulting decreased chol- 
inesterase activity has been investigated in 
regard to the appearance of forced circus 
movements. DFP in doses of less than 0.01 
mg had no. observable behavioral effect and 
did not lower the ChE activity to 40% of 
the control value. Doses of from 0.01 to 0.16 
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mg, however, caused persistent contraversive 
forced circling and decreased the cholines- 
terase value of the nucleus caudatus to from 
21 to 40% of normal. There was no evidence 
of significant spread of the DFP within the 
brain in this group of animals. The adminis- 
tration of atropine sulfate either prevents or 
stopped these forced circus movements. Per- 
sistent forced circling could also be induced 
with larger doses of from 0.23 to 0.32 mg of 
DFP and evidence of spread of the DFP was 
then observed. In this group the injected 
nucleus caudatus showed ChE activity val- 
ues of from 18 to 20% of the control whereas 
remaining parts of the brain revealed sym- 
metrical reduction in ChE activity between 
48 to 82% of normal. When still greater 
amounts of DFP were injected (1 to 10 mg) 
the spread of this substance progressively in- 
creased so that eventually ChE activity was 
decreased bilaterally and transient circling or 
death resulted. 


The author wishes to express his indebtedness to 
Dr. H. E. Himwich for his valuable counsel and to 
Miss Shirley J. Moak for her important technical 
assistance. 
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Sensitivity of Staphylococcus aureus to Penicillin in Various Media. (22681) 


U. BAcuracu, N. Grossowicz AND J. GUREVITCH. 
Department of Clinical Microbiology and Department of Bacteriology, Hebrew University-Hadassah 
Medical School, Jerusalem, Israel. 


The composition of the culture medium is 
of importance in testing the sensitivity of 
microorganisms ‘to penicillin. The media may 
contain substances which react with penicillin 
chemically, thereby reducing its effective con- 
centration. Substances having —-SH groups 
such as thioglycollate, cysteine and gluta- 
thione behave in this manner(1,2,3,4). Acetic 
acid, too, inactivates penicillin by chemical 
interaction(S). Vitamins such as folic acid 
and vit. Bg antagonise the effect of penicillin 
{6), and ascorbic acid also shows a deleteri- 


ous effect(7). Glucose may diminish the ef- 
fect of penicillin when added to cultures of 
Staphylococcus aureus(8,9). Furthermore, 
the activity of penicillin was decreased by ad- 
dition of serum to the basal medium(10). On 
the other hand, certain substances, such as 
nicotinamide, exhibit synergistic effects with 
penicillin(8,11). 

The present work deals with the effects of 
the addition of various carbohydrates to cul- 
ture media, on the sensitivity of Staph. aureus 
to penicillin. 
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Methods. Test organism and inoculum: 
Staphylococcus aureus Oxford strain, was in- 
oculated into nutrient broth (Difco). After 20 
hours incubation at 37°C the cells were har- 
vested and washed 3 times with physiological 
saline. The washed cells were diluted 1:100 
in saline and 0.1 cc added to tubes containing 
1 cc of medium. Two different media were 
employed: (a) Nutrient broth (Difco) and 
(b) a casein hydrolysate medium of the fol- 
lowing composition: 


Casein hydrolysate (vit. free)* 10%  3¢¢ 


Carbohydrate 1000 mg 
Tryptophan 20 mg 
Cystine 10 mg 
Thiamine 100 y 
Nicotinie acid 100 + 


Distilled water to make 100 ce 


* Obtained from Nutritional Biochemicals 
Co. (NBC). 


After autoclaving, the following sterile so- 
lutions were added in amounts of 0.5 cc each: 
1) Salt solution composed of: MgSO, * 7H2,O 
4%; NaCl 0.125% FeSO. «+ 7H20 0.125%, 
and MnSO, * 4H2O 0.125%. 2) KsHPO, 
8.7%, and the medium was dispensed asep- 
tically, into sterile tubes (12 x 100 mm). 

Penicillin solution: Crystalline penicillin G 
(Shenley) was used. A concentrated solution 
containing 10,000 u/cc was kept in the refrig- 
erator for one week; dilutions being prepared 
freshly for each experiment. 

Antibacterial assay. The assays were car- 
tied out in small test tubes containing 1 cc 
of the medium. The penicillin effect was 
tested by the 2-fold dilution technic using 
the medium as a diluent for the penicillin. 
After inoculation with Staph. aureus the tubes 
were incubated at 37°C for various periods of 
time. 

Results. Effect of different carbohydrates 
on the sensitivity of Staph. aureus to penicil- 
lin. Nutrient broth and casein hydrolysate 
media, containing glucose, pyruvic acid, acetic 
acid or lactic acid were inoculated with Staph. 
aureus. (Carbohydrates were added to the 
media before autoclaving.) Controls with- 
out added carbohydrate were included. Peni- 
cillin was added ‘to the tubes in various con- 
centrations, and the degrees of growth inhibi- 
tion were examined after incubation for 24, 
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HOURS OF INCUBATION — 


FIG. 1. Effeet of carbohydrates on inhibition of 
Staphylococcus aureus by penicillin. Casein hy- 
drolysate medium, —xX—; casein hydrolysate 
medium with lactic acid (1%), —@—; casein 
hydrolysate with acetic acid (1%), —[]—; casein 
hydrolysate with glucose (1%), — X (in cirele)—; 
casein hydrolysate with pyruvic acid (1%), —A-}; 
nutrient broth (Difco), —OQ—. 


48, 72, and 96 hours. The results are given 
in Fig. 1, which shows that Staph. aureus was 
most sensitive ‘to penicillin in nutrient broth 
and in a casein-hydrolysate medium contain- 


ing pyruvic acid; 0.04 u/ce of penicillin in-. 


hibited the growth completely. The degree of 
inhibition did not change appreciably on fur- 
ther incubation. On the other hand, 0.2 u/cc 
of penicillin was not inhibitory when a casein 
hydrolysate medium without added carbo- 
hydrate was used. When lactic acid was 
added to casein hydrolysate, growth appeared 
in tubes containing 0.2 u/cc only after 72 
hours of incubation. The growth of Staph. 
aureus in a medium containing acetic acid 
was not inhibited by concentrations of 0.15 
u/cc after 96 hours. In Fig. 1 the sensitivity 
of Staph. aureus is plotted against incubation 
time. The straight line obtained in a glucose 
and penicillin-containing medium suggests the 
occurrence of a chemical interaction between 
them. To examine this point further, the fol- 
lowing experiment was performed: penicillin 
in a concentration of 5,000 u/cc was incu- 
bated at 37°C in a solution of glucose (50 
mg/cc). Penicillin incubated similarly in 
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FIG, 2. 


Effect of glucose on inhibition of Staphylococcus aureus by penicillin. 
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B 


(A) Penicillin 


(5000 u/ec) was incubated with glucose (50 mg/ec) for 5 days at 37°C. Sterile filter paper 
strips were soaked with the solution and tested for activity against Staphylococcus aureus. 
Photographs taken after growth for 48 hr. (B) Penicillin (5000 u/ec) was incubated with sa- 
line solution for 5 days at 37°C. Sterile filter paper strips were soaked with the solution and 
tested for activity against Staphylococcus aureus. Photographs taken after growth for 48 hr, 


saline served as a control. After 5 days, 
pieces of sterile filter paper were soaked in the 
respective solutions and were placed on agar 
plates inoculated with Staph. aureus. The re- 
sults are shown in Fig. 2. It is seen that on 
incubation of penicillin with glucose a marked 
decrease of the inhibition zone was obtained. 
No diminution of penicillin activity was found 
after it was preincubated with lactate; it 
seems unlikely that a similar chemical reac- 
tion between penicillin and lactate had oc- 
curred. To eliminate the possibility that the 
addition of lactic acid stimulated the occur- 
rence of a resistant mutant, the lactate-grown 
strain was inoculated into nutrient broth and 
its sensitivity to penicillin re-examined; how- 
ever, no diminution in sensitivity was ob- 
served. Parallel experiments in which the 
media were sterilized by Seitz filtration were 
carried out. Table I shows that heating is 
not the cause of the variation in sensitivity in 
the different media. 

Discussion.  Pyruvic acid and _ glucose 
when added to media rich in amino acids 
(supplied as casein hydrolysate), increase the 
sensitivity of Staph. aureus to penicillin. On 


the other hand, lactic and acetic acids were 
not effective. The observed interaction be- 
tween penicillin and glucose explains the re- 
duction in penicillin activity after prolonged 
incubation in glucose containing medium. No 
such mechanism is responsible for the low ac- 
tivity of penicillin in lactic acid-medium. Po- 
tentiation of the penicillin activity by pyru- 
vate may be explained as follows: (1) The 
antibiotic interferes with some step in the 
pyruvic acid metabolism of Staph. aureus; in 
the absence of added pyruvic acid such inter- 
ference is less pronounced. Or (2) The toxic 
factor responsible for the antibacterial effect 
is not penicillin per se but a compound formed 
under its influence(12); pyruvic acid con- 
tributes to the production of the hypothetic 
toxic factor. In the absence of pyruvic acid 
the inhibitor is formed in smaller amounts, 
hence the lower antibacterial activity. Al- 
though the experiments presented do not fa- 
vor one explanation rather than the other, un- 
published work(13) suggests that penicillin 
interferes with the oxidation of pyruvic acid 
by cells of Staph. aureus. These results in- 
dicate that the sensitivity of Staph. aureus to 
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TABLE I, Sensitivity of Staphylococcus awreus to Penicillin in/Casein Hydrolysate Media 
Containing Various Carbohydrates.* 
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Casein hydroly- 


Acetic Lactie Pyruvic Nutrient sate, no carbohy- 
acid acid acid Glucose broth drate (control) 
Autoclaved medium 15+ 2 025 i 025 >.2 ; 
Seitz filtered medium AG) a) 05 til .025 SS 


* Results were read after 96 hr of ineubation 


at 37°C. 


+ Maximal concentration of penicillin (u/ce) in which growth appeared. 


penicillin may be affected by the carbon 
source of the medium. Similar findings were 
reported for E. coli(14) which was found to 
be more sensitive to penicillin in the presence 
of xylose or ribose than with glucose. 

Summary. The effect of the composition of 
the medium on the sensitivity of Staphylococ- 
cus aureus to penicillin was tested. Pyruvic 
acid or glucose, when added to a casein hy- 
drolysate medium, increase the antibacterial 
effect of the antibiotic. Lactic or acetic acids, 
on the other hand, have no such effect. The 
possible mechanisms of the enhanced penicil- 
lin activity in presence of pyruvic acid are 
discussed. 
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, 


Desaminothyroxine (3,5 diiodo-4 (37, 5’, 
diiodo-4 hydroxy phenoxy) phenyl-propionic 
acid) was synthesized by Clayton, et al.(1) 
at the Glaxo Laboratories, Middlesex, Eng- 
land, and by Kharasch e¢ al.* at the Univer- 
sity of Southern California. 

Bruice, Winzler and Kharasch(2) reported 
that in tadpoles (Rana catesbiana) at about 
24°C, desaminothyroxine possesses 130 times 
the metamorphosing activity of L-thyroxine. 
Roth(3) has recently reported that it has 
1000 times the activity of L-thyroxine in this 


* Personal communication. 


test at 16°C. In comparison, Roche(4) has 
shown desaminothyroxine ito have about 75% 
the antigoitrogenic activity of D-L-thyroxine 
in rats. Selenkow and Asper(5) reported it 
to have only 20 to 25% the antigoitrogenic 
activity of L-thyroxine. No reports on its 
calorigenic activity in mammals have been 
found. 


Method. Measurements of the oxygen con- 
sumption of rats were conducted in a 5-unit 
basal metabolic rate machine at 30°C(6). 
Individual studies usually lasted 414 hours, 
using the first half-hour as a calibration pe- 


Gp 


“se 


az. 


a 7 


i a Sn 


s &£& es 2S sea. > 


120 METABOLIC STUDIES OF DESAMINOTHYROXINE 
TABLE I. Comparison of O, Consumption of Desaminothyroxine on Na L-Thyroxine. 
Avg increase 
Initial O, consumption O, consumption 
body wt, (g O./100 g rat/hr) at 10 days (g O: 
Drug Body wt, g baseline 3days 7days 10days /100g/rat/hr) 
A. Dosage—.025 mg/day 
Desaminothyroxine 210 + 50 141 155 A72 .186 .045 
Na L-thyroxine 200 + 30 143 .201 214 .218 .075 
Controls 195 + 25 136 127 138 144 
B. Dosage—.075 mg/day 
Desaminothyroxine 215 + 55 141 161 158 194 053 
Na L-thyroxine 200 + 30 1438 .230 .262 275 132 
Controls 190 + 10 135 135 135 143 
riod on rats fasted 24 hours. Four control the drugs. No toxic signs or symptoms were 


runs were performed on each of 10 Long- 
Evans rats, weighing 160 to 230 g. The aver- 
age oxygen consumption was .142 g O2/100 
grat, per hour. The studies were carried out 
under conditions similar to those obtained by 
other investigators(8). Each animal acted as 
its own control and another control animal 
was evaluated with each group to check the 
variations of the machine. Four rats were 
injected intraperitoneally with coded Na-L- 
thyroxine, 0.025 mg/day; and four rats were 
given intraperitoneal injections of desamino- 
thyroxine, 0.025 mg per day, in a double 
blind procedure. Individual studies were 
made at 3- to 4-day intervals for 2 weeks, 
reaching maximum oxygen consumption at 10 
days. At this dosage the desaminothyroxine 
was found to be 60% as active as L-thyroxine, 
measured by the increase of oxygen consump- 
tion computed as grams of oxygen per 100 g 
of rat/hour. The 2 groups were then injected 
intraperitoneally with 0.075 mg daily, per 
rat, of desaminothyroxine, or L-thyroxine, for 
2 weeks under the double-blind procedure. 
After 10 days on the tripled dosage, desamino- 
thyroxine had only 40% the oxygen consump- 
tion of L-thyroxine. It was also noted that 
this drug produced only a 40% increase of 
oxygen above the control level, as compared 
to a 100% increase produced by L-thyroxine. 
(Table I). 

Results. In trial studies at dosages of 0.15 
and 0.30 mg daily/rat, desaminothyroxine 
was shown to have about 30% the calorigenic 
activity. . 

All animals returned to the pretreatment 
oxygen consumption levels after cessation of 


noted during the one month course of drug 
administration, or in the one month following 
cessation of the medications. One rat died 
because of machine failure. The observation 
of Freinkel, et al.(9) of the marked absorp- 
tion of thyroxine by glassware was confirmed. 
All drug containers were siliconized. 

Discussion. The results, though variable 
with respect to the dosage, show that the 
metabolic effect of desaminothyroxine is of 
the same magnitude as that found in studies 
of its antigoitrogenic activity. In this respect 
the drug is less potent than L-thyroxine, but 
in comparison with the process of metamor- 
phosis in amphibians, there is a wide variance 
(130 times more potency than Na L-thyroxine 
at 24°C(3) to 1000 times at 16°C)(4). 
These effects suggest the multiple activities 
of these drugs; perhaps separate or multiple 
metabolic pathways are involved. 

Summary. Desaminothyroxine was shown 
to have 60% of the calorigenic activity of L- 
thyroxine at dosages of 0.025 mg/rat/day; 
40% at the dosage of 0.075 mg/rat/day; and) 
about 30% at dosages of 0.150 and 0.300 mg/ 
rat/day. 
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Inhibitory Effect of Chlorpromazine on Arterial Lipid Deposition in 


Cholesterol Fed Rabbits.* 
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SIGMUND L. WILENS, RoBert T. McCLuskEy AND CESAR SOMOZA. 
Department of Pathology, New York University College of Medicine, N. Y. City. 


Reduced arterial lipid deposition in choles- 
terol fed rabbits has been achieved in a num- 
ber of ways(1). Most of these inhibitory pro- 
cedures cause weight loss, debilitation or other 
injurious effects. Chlorpromazine can be ad- 
ministered to animals for long periods of time 
without causing apparent impairment of 
health. Nevertheless, it is said to depress 
cellular activity, lower body temperature and 
arterial blood pressure, and, possibly, lower 
oxygen consumption of tissues(2). It is 
therefore reasonable to assume that this drug 
might alter cholesterol metabolism and influ- 
ence the usual responses of rabbits to choles- 
terol feeding. The present experiment was 
designed to study the effect of chlorpromazine 
in this connection. 

Method. Twenty-four albino rabbits 
weighing from 1810 to 2320 g initially were 
used. Nine received daily, 10 mg/kg intra- 
muscular injections of chlorpromazine (Thor- 
azine hydrochloride; Smith, Kline and 
French Laboratories)t and were fed rabbit 
food pellets containing 1% cholesterol(3). 
Nine rabbits were given equivalent injections 
of chlorpromazine but were fed the stock diet 
without added cholesterol. Six rabbits re- 
ceived only the cholesterol diet. The animals 
were given a daily ration of 100 g and food 
consumption was recorded daily. Body 
weights were determined every other week. 
Blood (9-10 cc) was drawn by ear vein ini- 


*This investigation was supported by Research 
Grant from National Heart Institute of N. I. H., 
Public Health Service. 

t+ We wish to thank the Smith, Kline & French 
Laboratories for donating this preparation. 


tially and at the end of the Ist, 3rd, 6th, and 
9th weeks. Free and esterified cholesterol, 
phospholipid, itotal lipid, proteins and sugar 
were determined on ‘the serum as described 
previously(3). Determinations of serum bili- 
rubin (Evelyn and Malloy) were also at- 
tempted but the levels were always too low 
to obtain quantitative readings. All animals 
survived and were sacrificed at the end of the 
tenth week. Complete gross and microscopic 
studies of the viscera were performed. The 
aortas were stained grossly with Sudan IV 
and the distribution of lipid plaques charted 
as previously described (3). 

Results. Blood chemistry: Cholesterol lev- 
els rose progressively in all cholesterol fed 
animals but by the end of the third week it 
was apparent that the chlorpromazine group 
had significantly lower values (Table I). At 
the ninth week the total cholesterol of this 
group was only about one-half as high (Mean 
985, Max. 1368, Min. 760 mg/%) as that of 
those fed the 1% cholesterol diet only (Mean 
1834, Max. 2166, Min. 1535 mg/%). The ra- 
tio of free to esterified cholesterol did not 
change significantly in either group. Total 
cholesterol rose slightly and transiently in 8 
of 9 chlorpromazine rabbits on stock diet 
reaching its peak during the third week. In 
these 8 rabbits the mean cholesterol was 322 
mg/% (Max. 457, Min. 234). No explana- 
tion can be given for the failure of the 9th 
rabbit to show this change. It fell in all 8 
to a mean level of 157 mg/% by the sixth 
week and was within normal limits at the 
ninth week. The free and ester fraction ratios 
were not altered during this temporary rise. 
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TABLE I. Total Serum Cholesterol in Cholesterol 
Fed and Chlorpromazine Treated Rabbits. 


Total serum cholesterol, 
mean mg % 


Wk of exp. 
0 1 3 6 9 
Chlorpromazine only 61 68 293 157 95 
Chlorpromazine and 55 411 759 961 985 
cholesterol ; 
1834 


Cholesterol only 65 374 1140 1560 


Serum phospholipids (Table II) were also ele- 
vated in all cholesterol fed animals but to a 
lesser degree than serum cholesterol. The ratio 
of cholesterol to phospholipid was very similar 
in both the chlorpromazine and non-chlorpro- 
mazine treated, cholesterol fed rabbits. It 
varied from about 3:1 to 2:1 in most deter- 
minations. Phospholipid values were also 
slightly elevated in the third and sixth weeks 
in rabbits receiving only chlorpromazine but 
generally lagged behind the slightly elevated 
serum cholesterol. There was, however, no 
significant change in the ratio of these 2 lipid 
fractions. Neutral fat (calculated as previ- 
ously described(4)) was slightly elevated in 
all cholesterol fed animals especially in the 
latter weeks of the experiment, varying from 
0.48 g % to 0.82 g %. There was no signifi- 
cant difference between the chlorpromazine- 
treated and non-chlorpromazine treated cho- 
lesterol fed groups. Neutral fat levels re- 
mained low and remarkably constant through- 
out the experiment in the group receiving only 
chlorpromazine. Serum globulin tended to 
rise in all chlorpromazine treated rabbits but 
this was inconstant in degree. A few had re- 
versed albumin/globulin ratios on several oc- 
casions. Blood sugar and serum bilirubin 
were never significantly elevated. 


Body weight and food consumption. All 
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24 rabbits consumed their entire daily 100 g 
food ration except on very few occasions when 
10-20 g of food was left in the containers. 
None developed diarrhea. All animals gained 
weight consistently throughout the experi- 
ment. The mean weight gain in the group re- 
ceiving both chlorpromazine and cholesterol 
was significantly less (58 g/wk) than in the 
groups receiving only chlorpromazine (103 g/ 
wk) and cholesterol only (98 g/wk). All ani- 
mals were in good health throughout the ex- 
periment and after the first 2 injections of 
chlorpromazine showed no obvious signs of 
sedation. Body temperature as measured in- 
traperitoneally with a telethermometer during 
the eighth week of the experiment was not 
lowered significantly in chlorpromazine 
treated rabbits. 

Necropsy findings. <A striking inhibition 
of lipid deposition in the aortas, heart valves, 
and pulmonary arteries was noted in all but 
one of the cholesterol fed animals that re- 
ceived chlorpromazine (Fig. 1). In these 8 
only a few thin patches of lipid were found 
chiefly in the aortic arch. One rabbit had 
fairly extensive plaques, but even in this ani- 
mal the lesions were less extensive than in 
all but one of the group receiving cholesterol 
only. Such individual variation is a common 
finding in cholesterol feeding experiments in 
rabbits. Rabbits receiving chlorpromazine 
only had no gross vascular disease. 

The livers of the rabbits receiving both 
chlorpromazine and cholesterol were smaller 
(mean wt 103 g) and less yellow than those 
that received cholesterol only (mean wt 125 
g). They were only slightly larger and paler 
than the livers of animals that received only 
chlorpromazine (mean wt 95 g). Histo- 
logically, the liver cells of the chlorpromazine 


TABLE II. Serum Phospholipid and Neutral Fat in Cholesterol Fed and Chlorpromazine 


Treated Rabbits. 


Wk of exp. 
Group 0 il 3 6 9 
Chlorpromazine only Phospholipid (meanmg %) 109 74 LID se Set 91 
Neutral fat (mean g %) 35 39 45 38 42 
Chlorpromazine and Phospholipid (meanmg %) 51 277 445 377 431 
cholesterol Neutral fat (mean g %) 38 48 -60 05 59 
Cholesterol only Phospholipid (meanmg %) 67 210 496 600 771 


Neutral fat (mean g %) 38 43 Rar, 61 82 
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treated, cholesterol fed rabbits were less 
swollen and contained less finely dispersed 
lipid droplets than did those of the cholesterol 
fed animals that received no chlorpromazine. 
No evidence of liver cell damage or bile stasis 
was noted in any chlorpromazine treated rab- 
bits. Enlargement and increased lipid stor- 
age was equally prominent in the adrenal cor- 
tices of both cholesterol fed groups. Histolo- 
gic study of the other viscera revealed no sig- 
nificant changes that could be attributed to 
chlorpromazine administration. The mean 
heart weight of all 3 groups was approxi- 
mately the same. 

Discussion. It seems likely that the re- 
duced amount of lipid deposited in the ar- 
terial walls in chlorpromazine treated, choles- 
terol fed rabbits is related to the lower levels 
of blood cholesterol observed in these animals 
as compared to the cholesterol fed rabbits 
that did not receive this drug. Except under 
special circumstances the degree of arterial 
lipid deposition in cholesterol fed rabbits var- 
ies directly with the degree of hypercholes- 
terolemia in our own experience. There is no 
evidence that alterations in blood lipid inter- 
relationships such as lowered cholesterol/ 
phospholipid or cholesterol/neutral fat ratios 
played any role. It is also clear that malnu- 
trition or general debilitation were not a fac- 
tor in inhibiting arterial lipid deposition since 
the chlorpromazine treated animals remained 
in good health throughout the experiment. 
The degree of inhibition of lipid deposition 
was greater than that observed previously (3) 
in cortisone treated, cholesterol fed rabbits on 
a comparable regimen. If generalized depres- 
sion of metabolism was involved such as oc- 
curs in hypothyroidism it might be expected 
that chlorpromazine would have accentuated 
hypercholesterolemia and enhanced arterial 
lipid deposition. This was obviously not the 
case. The failure of chlorpromazine treated, 
cholesterol fed rabbits to gain as much weight 
as the control groups, suggests the possibility 
that even though these animals consumed as 
much cholesterol, its absorption from the gut 
may have been reduced. However, the mean 
weight gain in the rabbits receiving only 
chlorpromazine was as great as in those fed 
cholesterol only. 
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CHOLESTEROL & 
CHLORPROMAZINE 


CHOLESTEROL ONLY 


FIG. 1. Extent of aortic lipid deposition in rab- 

bits fed cholesterol and inj. with chlorpromazine 

(upper row) compared with that in rabbits fed 

cholesterol only (lower row). Black areas repre- 

sent portions of the intima covered by sudano- 
philie lipid deposits. 


The inhibitory effect of chlorpromazine on 
hypercholesterolemia in these rabbits may 
have been mediated through the liver. Blood 
cholesterol levels are believed to be closely 
regulated by the metabolism of this lipid in 
the liver(5). To support this interpretation 
is the finding that the livers of the chlorpro- 
mazine treated animals failed to enlarge and 
to store as much lipid material as did those of 
rabbits that received only cholesterol. Chlor- 
promazine is known to produce jaundice oc- 
casionally and presumably some sort of liver 
injury in man although the exact mechanism 
has not been elucidated. The transient rise 
in serum lipids and globulin during the 3rd 
and 5th weeks in rabbits receiving only chlor- 
promazine was greater than ordinarily occurs 
in untreated rabbits and was therefore pre- 
sumably due to ithe drug. These changes sug- 
gest that a brief period of metabolic readjust- 
ment may have occurred. This period corre- 
sponds somewhat to the time at which jaun- 
dice appears most frequently in man after 
chlorpromazine therapy is instituted. In 
some instances these attacks of jaundice in 
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man have been associated with moderate ele- 
vations of serum cholesterol(6). This has 
usually been explained on ‘the basis of biliary 
stasis. There appears to be little evidence that 
chlorpromazine has any striking effect on the 
usual blood lipid levels found in man. Hol- 
lister and Kanter(7), however, report that it 
may be effective in lowering blood lipid levels 
of patients with essential hyperlipemia. 


Summary. The blood cholesterol levels of 
cholesterol-fed rabbits given daily intramus- 
cular injections of chlorpromazine fail to rise 
as high as in rabbits fed cholesterol only. De- 
position of lipid in arteries and in the liver is 
also greatly reduced. Repeated injections of 
chlorpromazine in rabbits on stock diets may 
cause transient periods of mild hypercholes- 
terolemia. 
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The growth inhibitory activity of 5-bro- 
mouracil was first observed in Lactobacillus 
casei(1). Later the substance was shown to 
be extensively incorporated in lieu of thymine 
in the deoxyribonucleic acids of bacteria(2, 
3,4) and of a Ts phage of Escherichia coli(4). 
Such findings suggest that the agent may be a 
thymine antagonist—a supposition supported 
by the near identity in size of the bromine con- 
stituent and of the methyl group of thymine 


* This investigation was supported in part by re- 
search grants (C 415 and C 471) from the National 
Cancer Institute of N. I. H., U. S. Public Health 
(AT (C 30-1) - 910) from the Atomic 
Energy Commission, and funds from Amer. Cancer 
Soc. and the Elsa U. Pardee Foundation. 

The authors wish to express their appreciation to 
Dr. F. S. Philips for his advice in preparation of this 
manuscript, and to acknowledge the technical assis- 
tance of B. B. Adams, B. Wheelock and O. In- 
trieri. 

The 5-Bromouracil was purchased from the Dough- 
erty Chemical Co., New York City. 
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(2). Anti-thymine actions may also be in- 
volved in the potentiation by 5-bromouracil of 
the inhibitory effects of folic acid antagonists 
in L. casei(5). Because of these findings, it 
has become of interest to ascertain whether 
5-bromouracil might potentiate the action of 
amethopterin in the treatment of human leu- 
kemia.t With this in mind the work pre- 
sented here was initiated as a preclinical study 
of the pharmacological actions of 5-bromoura- 
cil. During the study special interest arose in 
its catabolic fate im vivo because of the pres- 
ence of crystalline deposits in kidneys or blad- 
ders of intoxicated animals. It is the primary 
purpose of this report to document this find- 
ing and to present information concerning the 
chemical nature of these deposits. 

Procedure. Mice, rats and dogs were the 
subjects of the present investigation. The 


+ Personal communication from Dr. J. H. Burch- 
enal, 
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TABLE I. Toxicity of 5-Bromouracil in Rodents. 


No. of 19/20 confi- 

successive De dence limits* 
Species Administration daily doses (mg/kg/day) (mg/kg/day) Sy 
Mice Intraper. 1 1400 1120-1750 1.25 
a 5 700 t 1.13 
Rats Intraper. 1 1700 1420-2040 1.16 
a 5 710 530— 960 1.42 
Oral 5 1410 1040-1900 1.42 


i Caleulated aecording to Litchfield and Wilcoxon (11). All animals were observed for 14 


days after end of treatment. 


t Confidence limits not calculated since mortality for doses used was either >84% or <16% 


(11). 


mice in all cases were male Swiss albino mice 
(Millerton Research Farms). Male CFW 
(Carworth Farms Wistar) rats were em- 
ployed for the toxicological studies while the 
pathological studies were carried out with the 
male CFN rats (Carworth Farms Nelson). 
The latter are a sub-strain of Wistar rat 
which has been bred free of “chronic murine 
pneumonia,” salmonellosis and bartonellosis 
(6,7). They tolerate larger doses of most 
agents which we have recently tested 
than do CFW rats. Most of the toxi- 
cological, hematological and biochemical 
methods employed have been described 
(8,9). The 5-bromouracil was adminis- 
tered as suspensions in 0.9% NaCl con- 
taining 0.5% CMC (carboxymethylcellulose). 
The mice and rats received 1 ml of suspension 
per 100 g of body weight given either intra- 
peritoneally or by stomach tube. The total 
daily oral dose for each dog was suspended in 
50 ml of the saline CMC solution and admin- 
istered by stomach tube using 50 ml of water 
to rinse the tube. For intravenous adminis- 
tration in dogs the agent was solubilized in 
0.9% NaCl by the addition of molar equiva- 
lent amounts of ethanolamine. Because of 
limitations of solubility it was not practical to 
give intravenous doses greater than 200 mg/ 
kg/day. Plasma and serum bromide levels 
were determined by the method of Brodie and 
Friedman(10). When 5-bromouracil was 
added to plasma or serum this method did not 
give rise to the liberation of bromide ion. 
Results. Course of intoxication in rodents. 
Table I presents toxicity studies of 5-bro- 
mouracil in mice and rats. The toxicity of 
this agent was similar in both species. Single 


lethal doses, 2 g/kg, caused death within 24 
hours. Following such doses the animals be- 
came weak, dyspneic, and depressed within 
2-3 hours and the depression increased pro- 
gressively until death. Several hours after 
the injections some animals had red tears and 
a few showed an orange urine. In animals 
treated with successive daily doses whether by 
the intraperitoneal or oral route, depression 
was noted several hours after each adminis- 
tration of the higher doses (1000 mg/kg/day 
intraperitoneally or 2000 mg/kg/day by 
mouth.) Deaths occurred between the sec- 
ond and seventh days in these groups. Ruf- 
fled fur was also prominent at 2 to 4 days in 
the animals given 500 to 1000 mg/kg/day 
and red-brown lacrymation as well as deep 
orange urine was observed. Two weeks after 
the last of these doses the survivors appeared 
healthy and the experiment was discontinued. 
At lower doses rodents showed no signs of in- 
toxication. As will be seen below, the admin- 
istration of 5-bromouracil gives rise to sig- 
nificant concentrations of bromide ion in 
plasma. This suggested a possible explana- 
tion for the depression noted in the treated 
animals. To test this possibility 2 groups of 
rats (6 rats/group) were given single, intra- 
peritoneal injections of molar equivalent 
amounts of bromine as 5-bromouracil and 
NaBr, 2 g/kg and 1.08 g/kg, respectively. 
The 5-bromouracil animals died within 24 
hours whereas the animals receiving sodium 
bromide recovered after a period of depres- 
sion. At one-half of these doses both groups 
of 6 animals survived with no overt signs of 
intoxication. These results indicated that the 
liberation of bromide in vivo cannot be solely 


126 


STUDIES WITH 5-BROMOURACIL 


TABLE II. Chromatographic and Spectral Findings. 


Maxima Minima 
Ry pHsd5 pH 13 pH5 pH13 

 Uraeilstandard (i 259 284 298 949 
5-bromouracil standard .o7 274 289, 226 247 258 

A. Rat kidney deposits 40 275 290, 226 243 255 
B. Rat urine spot 1 .26 259 283 228 242 
2 .39 274 289, 225 244 256 

C. Dog bladder deposits 40 275-290, 226 242 256 


responsible for the acute deaths caused by 
5-bromouracil. 

Pathological changes in rats. As men- 
tioned above, pathological changes were 
studied in CFN rats. For this purpose, 18 
rats were given 2 g/kg/day by oral intuba- 
tion for 4 consecutive days. Six rats, chosen 
at random, were sacrificed at 96 hours (that 
is, at 24 hours after the last dose). At this 
time the average weight loss was 15%. The 
remaining animals, which had also lost weight, 
were observed for an additional 2 weeks; at 
the end of this period they had regained their 
weight and appeared healthy. In all the sac- 
rificed rats the spleen appeared small. In 2 
of the animals, congestion and hemorrhage 
were noted in the cervical lymph nodes. The 
kidneys of all were enlarged and, when tran- 
sected, the cortices appeared edematous. Yel- 
lowish-gray crystalline deposits encrusting the 
papilla were found in the pelvis of each kid- 
ney. The bladders were filled with bright red 
urine. The principal microscopic changes 
were observed in the urinary tract. In all 
animals an internal hydronephrosis was pres- 
ent associated with small foci of acute pye- 
lonephritis. Only rare tubular deposits were 
observed in the papillas. These were pink 
amorphous masses which only rarely con- 
tained needle-like structures. Since many 
crystalline masses were observed grossly, the 
paucity of deposits observed microscopically 
may be accounted for by loss during histo- 
logical processing. More often rounded bodies 
which stained dark blue were seen in the me- 
dulla. These had the appearance of calcos- 
pherites. The basement membranes of all 
glomerular capillaries were slightly and dif- 
fusely thickened. Most of the convoluted 
tubules contained protein casts. A mild cys- 
titis was present in the bladder associated with 
edema of the wall; edema was also observed 


in the prostate. In one animal pink masses 
similar to those observed in the papilla were 
present in the lumen of the bladder. In the 
spleens the red pulp appeared to contain 
fewer nucleated elements than in control rats. 
Sections of sternum revealed marked conges- 
tion of the marrow. In 5 animals there was a 
slight decrease of nucleated elements which 
varied from 10 to 20%. In 1 animal the de- 
crease was 50%. The remaining tissues in- 
cluding lymph nodes, intestines and liver 
showed no significant changes. The kidney 
deposits from 2 of the rats mentioned above 
were removed with a spatula and saturated 
aqueous solutions were prepared. Descend- 
ing paper chromatograms were developed 
with these solutions using Whatman No. 3 
MM paper and n-butanol saturated with 
water. About 20 y of material was applied to 
each spot at the origin. After development of 
the chromatograms, the ultraviolet absorbing 
components were visualized by means of a 
15 watt General Electric Sterilamp equipped 
with a Corning No. 8963 filter. In this case, 
as in all chromatographic studies reported 
herein, uracil and 5-bromouracil+ standards 
were used. The ultraviolet absorbing spots 
were eluted and read against appropriate 
blanks at pH 5 and pH 13. The results are 
shown in Table IIA. The R; as well as the 
spectrum in water and alkali indicated that 
for the most part the crystalline material was 
unchanged 5-bromouracil. 

Metabolic fate in rats. Additional studies 
were made of the fate of 5-bromouracil in rats 
(CFW). Six animals were placed in individ- 
ual metabolism cages without food but with 
free access to 0.9% NaCl in drinking bottles 


+ The 5-bromouracil standard employed was the 
same as that used in the animal studies. It contained 
no discernible uracil (Table IT). 
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and were starved for 18 hours prior to and 
during the experimental period. Three re- 
ceived intraperitoneally 0.5% CMC in saline 
and the other 3 1 g/kg of 5-bromouracil. The 
24-hour urine from each rat was collected and 
diluted with 2 parts water. Three ml portions 
were then evaporated to 0.2 ml and the con- 
centrated urines were chromatogrammed as 
described above. Little or no ultraviolet ab- 
sorbing material was noted in the control 
urines. Two distinct spots (No. 1 and No. 2 
—Table IIB) were observed on the chromato- 
grams of the urines of rats receiving 1 g/kg. 
From the R; of these spots and from their ab- 
sorption spectra they corresponded to uracil 
and unchanged 5-bromouracil, respectively. 
No attempt was made to determine quantita- 
tively the amounts nor ratio of the compon- 
ents present. It should be noted that plasma 
bromide levels at this time were 26-27 mg/ 
100 ml in the treated animals as compared to 
0 in the control rats. Since bromide ion is 
considered to be distributed throughout the 
extracellular fluid, that is, in about 25% of 
body weight, this plasma level would have re- 
sulted from the dehalogenation of about 12% 
of the 5-bromouracil injected. This probably 
represents the minimum amount of 5-bro- 
mouracil which was converted im vivo to ura- 
cil. 

Course of intoxication in dogs. All ani- 
mals were given a maximum of 10 successive 
daily doses excepting weekends and were ob- 
served for 2 weeks following the last dose. 
Intravenous doses of 100 and 200 mg/kg/day 
in 2 respective pairs were well tolerated and 
the animals showed no untoward signs. , Two 
dogs which received 1 g/kg/day by mouth as 
well as 1 of 2 dogs which received 0.5 g/kg/ 
day died during or shortly after treatment 
ended, that is, at 6, 14, and 16 days, respec- 
tively. Anorexia was noted at 2 to 6 days 
prior to death in these 3 dogs. Other signs 
of intoxication were weight loss and diarrhea. 
One of a pair of dogs receiving 250 mg/kg/ 
day orally showed a transient anorexia and 
weight loss but both of this pair survived and 
were healthy at the termination of the ex- 
periment. 

To determine the nature of lesions associ- 
ated with intoxication, 2 dogs were given 1 
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g/kg/day orally for 4 consecutive days and 
sacrificed 24 hours after the last dose. At 
this time biochemical and hematological 
analyses revealed no significant changes from 
pretreatment values in the following: glucose, 
clotting time and bromosulfalein retention in 
blood; chloride, protein and non-protein nitro- 
gen in plasma; hematocrit, total and differen- 
tial counts of leucocytes and counts of reticu- 
locytes in blood; and counts of nucleated cells 
in aspirates of bone marrow from ‘the iliac 
crest. There was present, however, in the 
serum of both dogs a high concentration of 
bromide: 62 mg/100 ml. One of the pair pre- 
sented a normal picture at autopsy. In the 
other dog the bladder was found to contain 
dark red urine which was positive for blood. 
The platelet count in the blood of this animal 
had decreased from the initial value of 140 x 
10°/mm* to 7 x 10?/mm* at time of sacrifice. 
This dog’s bladder was also filled with a dark 
tan solid mass. Its kidneys appeared normal. 

The solid mass was removed from the blad- 
der for further study and the findings are 
summarized in Table IIC. The chromato- 
graphic and spectral studies showed that the 
only detectable ultraviolet absorbing material 
present was 5-bromouracil. 

In the same animal the only significant 
lesion observed microscopically was the pres- 
ence of a few small mucosal hemorrhages in 
the wall of the bladder. Sternal and verte- 
bral bone marrow, lymphoid tissues and intes- 
tine as well as all other tissues were normal. 
Neither crystals, hydronephrosis nor pyelone- 
phritis were observed in the kidneys. In the 
other dog no microscopic changes were present 
in any of the tissues. 

Discussion. It has been reported that 5- 
iodo-2-thiouracil is converted to urinary thi- 
ouracil in the dog(12) and is de-iodinated in 
the human(13). While this manuscript was in 
preparation Barrett and West(14) reported a 
study of a variety of halogenated pyrimidines 
in the rat. They found that parenteral ad- 
ministration of 5-bromouracil (40 mg/rat x 
1) led ‘to the urinary excretion of uracil which 
was identified by its behavior in several paper 
chromatographic systems. 

In the present study, it was found that oral 
administration of 5-bromouracil (1 g/kg x 1) 
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to the rat gave rise to the excretion of both 
uracil and 5-bromouracil. The urinary com- 
ponents were studied by spectrophotometric 
as well as paper chromatographic technics. It 
was of interest to note a concomitant rise in 
plasma bromide levels. It was also of inter- 
est to note that when 5-bromouracil was given 
in high repetitive doses to rats and dogs, the 
foreign deposits which appeared in the kidney 
of the former and in the bladder of the latter 
were composed predominantly of unchanged 
5-bromouracil. Although crystals were found 
in only one of the 2 dogs sacrificed, the serum 
bromide levels in both dogs were equally ele- 
vated. Presumably in vivo dehalogenation 
readily occurs in this species. The present in- 
vestigation has revealed no clear-cut evidence 
regarding the cause of death in dogs given 
5-bromouracil. It may be suggested that 
crystallization of the agent in the urinary 
tract and bromide poisoning may both con- 
tribute to intoxication. If this agent is to be 
considered feasible for clinical trial there is a 
real danger of the development of renal in- 
sufficiency or bromism or both as judged from 
the present findings which were consistent in 
both rats and dogs. 

It should be pointed out that although mi- 
crobiological evidence indicates that 5-bro- 
mouracil interferes with nucleic acid synthe- 
sis, lesions were not found in the bone marrow 
or intestinal epithelium of dogs given toxic 
doses. Only minimal changes in bone marrow 
were observed in rats given high doses of 5- 
bromouracil which were without discernible 
effect in the intestine of this species. This is 
in contrast to other agents, such as 6-mercap- 
topurine(8), which are believed to interfere 
with nucleic acid synthesis and which have 
primary sites of action in proliferating tissues 
such as the bone marrow and the intestine. 

Summary. The toxicity of 5-bromouracil 
has been studied in mice, rats and dogs. Sin- 
gle lethal doses in rodents caused death with- 
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in 12 to 24 hours. Somewhat smaller amounts 
when given repeatedly in daily doses gave rise 
to crystals in the kidney. These have been 
shown by chromatographic and spectrophoto- 
metric methods to be predominantly un- 
changed 5-bromouracil. The urines of rats 
given a single high dose of the compound 
have been found to contain uracil and 5-bro- 
mouracil. In dogs deaths are produced by the 
oral administration of 0.5 to 1.0 g/kg daily 
excepting weekends for a total of 10 doses. 
The principal changes noted in fatally intoxi- 
cated dogs were weight loss, anorexia, diar- 
rhea and significant concentrations of bro- 
mide ion in plasma. In one such animal, the 
bladder with filled with a deposit of 5-bro- 
mouracil. 
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Cystine Requirement for Normal Poliovirus Action on Monkey Kidney 


Tissue Cultures.* 
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With the development of medium 199 Mor- 
gan, Morton, and Parker(1) provided a 
chemically defined medium which has been 
found to maintain monkey kidney cells in tis- 
sue culture during viral action. More re- 
cently, Eagle(2) studied the growth require- 
ments of HeLa cells and mouse L cells and 
devised for these 2 cell types growth media 
which are chemically defined except for non- 
dialysable serum components. At this lab- 
oratory Eagle’s medium for HeLa cells with- 
out serum has been found to be adequate not 
only for the maintenance of monkey kidney 
cells but also for poliovirus multiplication in 
these cells. Thus a relatively simple chemi- 
cally defined medium is available for the 
study of the relationship between cell nutri- 
tion and poliovirus action. The effect of the 
withdrawal of specific metabolites from this 
maintenance medium on poliovirus action is 
the subject of this paper. 

Materials and methods. Monkey kidney 
cell cultures. Trypsinized cells were grown 
in medium D(3) for 6 days either in test 
tubes or in 60-mm diameter Petri plates. 
After removal of the growth medium, the es- 
tablished cultures were washed with phos- 
phate-buffered saline (PBS)(4): the tubes 
3 times, each time with 2 ml, and the plates 
3 times, each time with 4.25 ml. These cells 
were then maintained either on Eagle’s me- 
dium for HeLa cells without serum, here re- 
ferred to as Eagle’s maintenance (E,,), or 
on E,, minus one or more of its component 
compounds. Poliovirus strains. Plaque-puri- 
fied pools of 3 strains have been used. These 
are Akron purified pool #1 (PPI), Brooks 
PPI, and Mabie PPla, which are examples of 
antigenic types I, II, and III, respectively. 
These strains have been described previously 
(5,6,7). When not in use; the pools are 
stored in a dry-ice box. Nutritional tests in 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 


tube cultures. To each tube culture of mon- 
key kidney cells bathed by .90 ml E,, or de- 
ficient E,, at pH 7.2 to 7.3 is added .10 ml of 
a 1000-fold dilution in PBS of one of the 
poliovirus pools. This provides inocula of 
740, 8500, and 300 plaque-producing particles 
(PPP) per tube for Akron PPI, Brooks PPI, 
and Mabie PPla, respectively. Control tubes 
receive .10 ml PBS. The tubes are rolled at 
36°C and examined for cytopathogenic action 
on the second day after inoculation and daily 
thereafter usually through the eighth day 
after inoculation. Nutritional tests using the 
plaque method. The method of Dulbecco 
and Vogt(4) as adapted for use in this lab- 
oratory(7) has been used with the modifica- 
tion that the plaques develop under E,, or 
deficient E,, agar in an imcubator continu- 
ously flushed with 97% air and 3% carbon 
dioxide(4). Sources of compounds tested. 
All compounds were purchased from commer- 
cial firms except thiomalic acid and 2-mer- 
captoethylamine hydrochloride of which free 
samples were kindly supplied by Evans Che- 
metics, Inc., New York City. None of the 
compounds was further purified. 


Results. Delay in appearance of cytopatho- 
genic effect on monkey kidney cells in tube 
cultures in absence of cystine. The cyto- 
pathogenic action of Akron, Brooks, and Ma- 
bie is delayed when cystine is not supplied for 
the monkey kidney cell-poliovirus system 
(Table I). Similar experiments have shown 
that the omission of all 8 vitamins or of any 
one of the amino acids tyrosine, leucine, me- 
thionine, arginine, histidine, lysine, isoleucine, 
phenylalanine, threonine, tryptophane, and 
valine normally present in E,, does not result 
in any delay in the cytopathogenic action of 
Akron PPl. The omission of glutamine has 
given variable results, sometimes resulting in 
a short delay and at other times in no delay. 

Retardation of plaque development in ab- 
sence of cystine. The result, obtained in tube 
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TABLE I. Time of Appearance of Cytopathogenic Effect of 3 Strains of Poliovirus on Monkey 
Kidney Cells in Roller Tubes in Presence and in Absence of Exogenously Supplied L-cystine. 


Time required for completion of eytopathogenic action 


(mean day tubes positive) 


Poliovirus - 1 — 2 oe 
str ain and poole Cystinet Nocystinet Cystine No cystine Cystine No cystine 
~AkronPPl] = ._——-32.0 >6.8 4.2 7.8 3.0 >8.0 
Brooks PPI 2.9 =7.6 3.2 =Th 3.0 =72 
Mabie PPla 2.9 >7.2 4.0 =78 3.0 = 8 
* Each virus pool w: was diluted 1000-fold in PBS before inoculation. 


t Medium E,, with L-eystine at .20 mM. 


zt without Te -cystine. 


cultures, that exogenously supplied cystine is 
necessary for the normal action of the Akron, 
Brooks, and Mabie viruses on monkey kidney 
cells has been confirmed using the plaque 
technic (Table IT). 

Delay in poliovirus propagation in absence 
of cystine. Curves which show the propaga- 
tion of Akron PP] on monkey kidney tissue 
cultures in the presence and in the absence of 
cystine were obtained by plaque assays of 
daily harvests of supernatant fluids from ap- 
propriate cultures. These curves show that 
the propagation of Akron is delayed in the ab- 
sence of cystine to about the same extent as 
is the cytopathogenic effect of Akron. This 
slower propagation in the absence of cystine 
probably is not due to any interference with 
virus adsorption (see below). It may be due 
either to a decreased rate of virus multiplica- 
TABLE II. Plaques Formed by Akron PPI, Brooks 


PPI, and Mabie PPla on Monkey Kidney Cells in 
Presence and in Absence of Exogenously Supplied 


L-cystine. 
Plaques/plate 
Poliovirus Virus E,, without 
strain and pool cone, E,,*  L-eystine 

Akron PPI 10-* ST age 

10 t 0,0 

10° 20, 25 0 

10-54 11 — 
Brooks PPI L054 — 0 

10° 63, 28 0,0 

NOs 3, 4 0,0 
Mahie PPla 10* 46, 46 5, 1 

1035 8, 4 a 


* Contains L-cystine at .05 mM. 

t+ Too many to count. 

— = Not done. 

The plaques developed for 4 days at about 35°C. 
In addition to the differences in assay found above, 
the plaques that were formed on E,, without ¢ys- 
tine were smaller than those formed on E,,. 


TABLE III. Amount of L-cystine Necessary for 
Normal Cytopathogenic Action by Akron PPI on 
Monkey Kidney Cells. | 


Time required for 
completion of 
cytopathogenic 
action (mean day 
tubes positive) 


Cone. (mM) of L- 
cystine in main- 
tenance medium 


0 =9.1 
001 >9.4 
004 =9.9 
.016 6.6 
064 4.3 
.256 Sa 
Each tube received .10 ml Akron PP! at 10% 
cone. in PBS. 


tion or virus release or both. 

Concentration of cystine necessary for op- 
timal cytopathogenic action by Akron PP1, 
In Table III are presented data which show 
that the lowest concentration of L-cystine 
which will give optimal or near-optimal cyto- 
pathogenic action is about 10* M. The 
amount of cystine or ‘“‘cystine-activity” in the 
inoculum itself has been estimated by the as- 
say of autoclaved (10 lbs/in? for 10 minutes) 
samples of Akron PPI, Brooks PPI, and Ma- 
bie PPla, using the poliovirus-monkey kidney 
tissue culture system. In this way it was 
found that the amount of “cystine-activity” 
introduced into the system: by the usual in- 
oculum of 10° virus concentration is far too 
small to affect significantly the determination 
of the concentration of cystine necessary for 
optimal cytopathogenic effect. 

Tests of compounds as possible substitutes 
for cystine. Seventeen compounds were se- 
lected on the basis of their metabolic relation- 
ship with cystine or simply because they pos- 
sessed a chemical structure somewhat similar 
to that of cystine. These compounds were 
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TABLE IV. Activity of 17 Compounds in Replacing Cystine for Hastening Cytopathogenic 
Action of Akron PPl on Monkey Kidney Cells. 


Activity relative to L-cystine 


Approximately 
equally active 


Less active on a molar basis 


Inactive} 


L-cysteine hydrochloride DL-eystathionine* 
Glutathione 


hydrochloridet 


DL-homocysteine thiolactone 


DL-a-alanine 
Cysteie acid 
Glycine 
DL-homocystine (toxic; .1 mM) 
2-mercaptoacetic acid 
2-mereaptoethanol (toxic; .6 mM) 
2-mereaptoethylamine hydrochlor- 
ide (toxic; .05 mM) 
DL-methionine$ 
DL-serine 
Sodium sulfate 
sulfite 
a thiosulfate 
Thiomalic acid 


* About 8 times less active. 
+ ” 20 79 ” ”? 


t Inactive at cone. of .10 and 1.0 mM except for the 3 compounds which were noticeably 
toxic for monkey kidney tissue cultures as designated above. Following the notation of toxicity 
is the highest relatively nontoxic cone. tested and found inactive. 


§ Normally present in E,, at .05 mM. 


tested for the ability to substitute for cystine 
in the latter’s capacity to hasten the cyto- 
pathogenic action of Akron PPI. The results 
obtained permit the grouping of the com- 
pounds into 3 categories (Table IV). The 
possibility that the relatively low activities of 
DL-cystathionine and of DL-homocysteine 
thiolactone hydrochloride may be due to 
small amounts of contaminating substances, 
e.g., cystine, has not been excluded. 

Elimination of adsorption as the step at 
which cystine is effective. Particles of Akron 
PPI were adsorbed for 30 minutes at 36°C 
onto monolayers of monkey kidney cells, 
which had been washed 3 times with PBS 
(4.25 ml/washing), in the presence of 3 dif- 
ferent media: PBS, E,, without cystine, and 
E,, with L-cystine at .50 mM. The fraction 
of the particles adsorbed was the same in the 
3 media. This indicates that the presence of 
exogenously supplied cystine is effective at 
some postadsorptive phase(s) of the viral in- 
fection. 

Discussion. Davies et al.(8) studied the 
effect of dietary amino acid deficiencies in 
mice on the course of poliomyelitis following 
intracerebral inoculation of a mouse-adapted 
strain of Lansing poliovirus. They found that 
a deficiency in any one of 8 amino acids (tryp- 
tophane, isoleucine, valine, phenylalanine, 


histidine, threonine, methionine, and leucine) 
resulted in some delay in the onset of symp- 
toms, in a decrease in the total number of 
mice paralyzed by the 28th day postinocula- 
tion, and in an increase in the number of mice 
which died without showing characteristic 
signs of poliomyelitis. A lysine deficiency, 
however, had very little or no effect on the 
course of the disease. Their deficient mice 
and one of their control nondeficient groups 
received no cystine, cysteine, or glutathione. 
Their other control group received only the 
small amount of cystine present as residues in 
the casein fed. It is difficult to relate this 
work to the studies performed in vitro because 
of the manifold differences in system and 
technic. Recently Eagle and Habel have re- 
ported that salts, glucose, and glutamine are 
sufficient and necessary for poliovirus propa- 
gation on HeLa cells. A comparison of their 
findings with the results herein reported sug- 
gests that the cystine and possibly the gluta- 
mine requirements for poliovirus action de- 
pend on the nature of the host cell and/or the 
nature of the poliovirus strain. Further in- 
vestigations, however, are needed to clarify 
the situation. Rappaport(9) has developed a 
medium containing salts, glucose, cysteine, 
and six other amino acids for the maintenance 
of monkey kidney tissue cultures during polio- 
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virus propagation. Furthermore, she has 
found that cysteine can replace the 6 other 
amino acids for poliovirus propagation. The 
combined evidence strongly indicates that cys- 
teine and/or its disulfide derivative cystine 
play an important role in the process of polio- 
virus propagation in monkey kidney tissue 
cultures. These results suggest the possibil- 
ity of finding cystine antimetabolites which 
would delay poliovirus action in vitro and per- 
haps in vivo. With only the information 
available at ‘this time it is somewhat prema- 
ture to speculate as to the reason for this cys- 
tine requirement. One reasonable working 
hypothesis is that the available endogenous 
cystine, either free or in peptide bondage, 
simply does not meet the demand for the cys- 
tine residues of the protein portions of the 
newly-forming poliovirus particles. 
Summary. The cytopathogenic action of 
the poliovirus strains Akron, Brooks, and 
Mabie on either tube or Petri plate cultures 
of monkey kidney cells is considerably de- 
layed when cystine is omitted from the main- 
tenance medium. Omission of all the vita- 
mins or of any one of the 12 other amino acids 
except glutamine normally present in the 
maintenance medium resulted in no delay in 
the appearance of the cytopathogenic effect of 
Akron PPI. Omission of glutamine resulted 
in a short delay or no delay. It has further 
been shown that the propagation of Akron is 


Role of the Adrenal in Response of Rats to Orinase.* 
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slower in the absence of cystine. The lowest 
concentration of L-cystine which will give 
optimal or near-optimal cytopathogenic ac- 
tion by Akron is about 10+ M. Glutathione 
and L-cysteine hydrochloride can replace cys- 
tine at about the same concentration; DL- 
homocysteine thiolactone hydrochloride and 
DL-cystathionine-can replace also but only at 
higher molar concentrations. None of 13 
other compounds was found to replace cys- 
tine. The adsorption of Akron onto monkey 
kidney cells is not affected by the absence of 
cystine. 
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Adrenocortical and medullary hormones 
both counteract the hypoglycemic effects of 
insulin(1,2,3). Excessively high doses of the 
hypoglycemic agent Orinase do not produce a 
hypoglycemic response(4).1 These observa- 
tions suggested that the adrenals may respond 


* Upjohn tradename for 1-butyl-3 B-tolylsulfonyl- 
urea. 
+ Personal communication from W. L. Miller. 


to high doses of Orinase with increased secre- 
tions. Therefore, experiments were designed 
to study the role of the adrenal cortex and 
medulla in modifying the hypoglycemic reac- 
tion of rats to this drug. 

Methods. Male rats obtained from the Up- 
john colony (Sprague-Dawley ancestry) were 
used throughout these experiments. The in- 
tact animals weighed 140-160 g at the time of 
treatment with Orinase. Adrenalectomies and 
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adrenal demedullations were performed at an 
average body weight of 150 g. Adrenalecto- 
mized rats were maintained on 1% NaCl as 
drinking fluid and were given the hypogly- 
cemic drug on ‘the 7th day postoperatively ex- 
cept in one experiment. In this case, as shown 
in Table II, it was administered on the 9th 
day after adrenalectomy. The O day rep- 
resents the day of Orinase. The 500 pg/day 
dose of hydrocortisone was started on the 
4th day postoperatively and given for 5 days, 
with the last injection given immediately 
prior to the Orinase. The 5 mg dose of hy- 
drocortisone was given as one injection im- 
mediately prior to the sulfonylurea on day O. 
All hydrocortisone injections were given in a 
volume of 0.2 cc of CMC vehicle(5). When 
epinephrine? was used it was given subcu- 
taneously 1 hour following the oral adminis- 
tration of the hypoglycemic agent. The 
adrenal demedullated rats were kept at least 
4 weeks before Ovinase treatment in order to 
insure regeneration of the adrenal cortices. 
The functional activity of the adrenal cor- 
tices has been indicated’ by the fact that 
these animals can withstand stress induced by 
intraperitoneal egg albumin and the glands 
weighed between 40-50 mg after 4 weeks. 
These rats were maintained on 1% sodium 
chloride as drinking fluid for the first week 
and then on tap water. Orvinase was given 
orally in all cases. Doses up to 275 mg/kg 
were given in 0.5 cc of CMC vehicle(5) and 
higher doses in a volume of 2 cc. All animals 
were fasted 24 hours prior to Orinase admin- 
istration. Blood samples were obtained from 
the vena cava 214-3 hours after Orinase treat- 
ment while the animals were under sodium 
cyclopal anesthesia. The blood was oxalated 
and glucose was estimated by the Folin-Wu 
method(6). Liver glycogen was determined 
by the anthrone method on tissues removed 7 
hours following treatment. 

Results. The minimal effective hypogly- 
cemic dose of Orinase in intact rats was ap- 
proximately 100 mg/kg (Fig. 1). These data 
also show that the maximal fall in blood 
sugars was 36% at a dosage of 266 mg/kg. 


¢} Upjohn Epinephrine Hydrochloride 1:1000. 
§ Unpublished data. 
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FIG. 1. Dose-response of intact rats to the hypo- 

glycemic effects of Ormase. Each point represents 

8 controls and 8 treated animals. Animals were 
bled 214-3 hr following treatment. 


At the high dose of 2 g/kg there was 
no demonstrable depression of blood  su- 
gar in the intact rats. The same type 
of response was manifested in the de- 
position of liver glycogen under the influ- 
ence of Orinase (Table I). While 266 mg/ 
kg of the sulfonylurea produced a marked in- 
crease in liver glycogen, the higher doses 
caused less deposition. 

In adrenalectomized rats as little as 9 mg/ 
kg of Ovinase caused a fall in blood sugar 
(Fig. 2). At dosages of 45 and 90 mg/kg 
the adrenalectomized rats were subject to 
convulsions and blood sugar levels were de- 
pressed by 45 and 57% from the controls. 
To establish that the convulsions were due to 
hypoglycemia an experiment was performed 
in which Orinase at a dosage of 100 mg/kg 
was administered orally to 20 adrenalecto- 
mized rats. One-half of these animals re- 
ceived 1 g of glucose orally afiter they were in 


TABLE I. Effects of Varying Doses of Orinase on 
Fasting Liver* Glycogen. 


Liver 
Treatment Dose No. glycogen 
Vehicle 2 ee ie 24 
Orinase 266 mg/kg 6 66 
523 6 OT 
1048 6 .30 
2000 6 04 


* Livers were removed 7 hr following treatment. 
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FIG. 2. Dose-response of adrenalectomized rats to 

Orinase. Each point represents 8 controls and 8 

treated rats. Animals were bled 214-3 hr following 
treatment. 


* All animals were convulsing. 


convulsions. In every instance the glucose 
stopped the convulsions and the animals were 
on their feet within 10 minutes. If glucose 
was not given, convulsions continued for sev- 
eral hours and usually ended in deatth. 

In adrenal demedullated animals the mini- 
mal dose of Orinase causing hypoglycemia 
was between 15 and 30 mg/kg (Fig. 3). This 
is compared with 9-15 mg/kg for the hypo- 
elycemic dose in adrenalectomized rats and 
100 mg/kg for intact rats. Therefore, the 
adrenal demedullated animals are consider- 
ably more sensitive to the hypoglycemic ef- 
fects of Orinase than the intact rat but do not 
seem to be quite as sensitive as the adrenalec- 
tomized animals. In addition, the dose of 2 
g/kg produced essentially as much depres- 
sion of blood sugar as the lower doses in the 
adrenal demedullated animals. It is impor- 
tant to note that the 2 g/kg dose was the 
maximum dose in this animal preparation 
since it killed approximately 14 of them. 

To delineate further the role of the adrenal 
cortex and medulla in the response to Orinase, 
experiments were carried out to study the ef- 
fects of hydrocortisone and epinephrine on 
blood sugar response of adrenalectomized 
rats to this drug. Treatment with hydrocor- 
tisone at 0.5 mg per rat per day for 5 days 
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TABLE II. Effects of Hydrocortisone on Re- 
sponse* of Adrenalectomized Ratst to Orinase. 


Blood sugar 


No.rats Treatment Dose (mg %) 
Days 
ee! Subq. saline 5 .2 ce 91 
OralCMC OF 
4 Subq. saline 5 2aeG 
Subq. F 0 5.0 mg 
OralCMC 0 5 ee 103 
4 Subq. F 5 5 mg 
OralCMC 0 5 ce 100 
4 Subq. F 5) om 
Oral Orinase 0 66.0 mg/kg 58 
5 Subq. saline 5 .2 €@ 
Subq. F 0 5.0 mg 
Oral Orinase 0 66.0 mg/kg 538 
5 Subq. saline 5 .2 €@ 
Oral Orinase 0 66.0 mg/kg 38§ 


* Blood was taken 214-3 hr following Orinase 
treatment. 

t+ Avg body wt at time of Orinase was 160 g. 

}+ 0 day was 9th day after adrenalectomy and at 
end of indicated treatment. The F 0-day and last 
inj. of F 5 days was given immediately prior to 
the Orinase. 

§ Conyvulsing. 


prior to Orinase administration in the adrenal- 
ectomized rats partially reversed the hypo- 
glycemic effects of Orinase and increased the 
blood sugar somewhat over that of the con- 
trols (Table II). It is also interesting that a 
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FIG. 3. Dose-response of adrenal demedullated rats 
to Orinase. Each point represents 8 controls and 8 
treated animals except at the 2 g/kg dose. In this 
group there were 15 controls and 8 Orinase-treated 
as 7 treated rats died before they were bled. Ani- 
mals were bled 214-3 hr following treatment. 


* All animals were conyulsing. 
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TABLE II, Effect of Orinase plus Epinephrine 
on Blood* Sugar in Adrenalectomized Rats. 


No. rats Treatment Dose Blood sugar 
5 CMC 0.5 ee 76 
5 Orinase 66 mg/kg 40 
7 Orinase 66 G 116 


+Epinephrine 200 ywg/kg 


* Blood was taken 214-3 hr following the Ori- 
nase. HKpinephrine was given 1 hr after the bypo- 
glycemic drug. 


single dose of 5 mg of hydrocortisone per rat 
given simultaneously with Orinase also par- 
tially reversed the extreme hypoglycemic ef- 
fects with Orvinase in this animal preparation. 
The blood sugar levels of the animals which 
received 5.0 mg of hydrocortisone were also 
somewhat higher than the untreated control 
adrenalectomized animals. The effect of 
epinephrine in reversing the hypoglycemic 
effect of Orinase, however, was more striking 
than that seen with hydrocortisone (Table 
III). When 200 pg/kg of epinephrine was 
administered to adrenalectomized rats 1 hour 
after oral administration of Orinase, the hy- 
poglycemia was completely reversed and the 
blood sugar levels rose significantly above 
those of the untreated adrenalectomized con- 
trols. 


Discussion. he difference in sensitivity of 
intact and adrenalectomized rats to Ovinase 
shows that the adrenal is involved in the re- 
sponse of rats ito this drug and agrees with 
previous observations(7) ‘that adrenalecto- 
mized rats were more sensitive to the hypo- 
glycemic effects of other sulfonamides than 
intact animals. The failure of high doses 
of Orinase to induce hypoglycemia or liver 
glycogen deposition in the intact rat may 
be the result of stimulation of epine- 
phrine secretion by the adrenal medulla 
since epinephrine is known to increase blood 
sugar and deplete liver glycogen. The ob- 
servations reported here which support thiis 
explanation are as follows: (1) the adrenal 
demedullated animals are more sensitive to 
the hypoglycemic effects of Ovinase than the 
intact rats. (2) The hypoglycemic activity 
of 2 g/kg of Orinase was nearly as marked 
as that produced by lower doses in the de- 
medullated rats. (3) Epinephrine completely 
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reversed the hypoglycemic response of adren- 
alectomized rats to the sulfonylurea. 

Since hydrocortisone partially reversed the 
hypoglycemic response of the adrenalecto- 
mized animal to Orinase and since adrenalec- 
tomized animals seem to be more sensitive to 
it than demedullated animals, it is probable 
that the adrenal cortex is also involved, but 
to a lesser degree. Another observation 
which suggested that the adrenal cortex may 
be stimulated with the high doses of Orinase 
was that there was slightly less hypoglycemic 
response at the 2 g/kg dose level as compared 
to that obtained with lower doses in adrenal 
demedullated rats. 


These results also indicate that when in- 
tact animals are used to test hypoglycemic 
agents a wide range of dosages should be em- 
ployed to be sure that the phenomenon of 
reversal of effects does not occur. Adrenalec- 
tomized rats are better test animals since they 
are extremely sensitive to hypoglycemic drugs 
and also the likelihood of masking the hy- 
poglycemic effect by adrenal secretory activ- 
ity induced by high doses is eliminated. 

Summary. In the intact rat low doses of 
Orinase produced a significant depression of 
blood sugar and deposition of liver glycogen 
while higher doses were ineffective. The 
adrenalectomized rat was found to be ap- 
proximately 10 times as sensitive and the 
adrenal demedullated rat 3-6 times more sen- 
sitive to Orvinase than the intact rat. Hydro- 
cortisone partially and epinephrine com- 
pletely counteracted the hypoglycemic effects 
of Orinase. Failure of high doses of this sul- 
fonylurea to produce hypoglycemia and liver 
glycogen deposition in the intact rats may be 
due to a stimulation of epinephrine secretion 
by the adrenal medulla. It is also suggested 
that glucocorticoid secretion is also stimu- 
lated by high doses of Ovinase in the intact 
and adrenal demedullated animals. 
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Tubular Reabsorption of Protein in Experimentally Produced Proteinuria 
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It has long been recognized that cells lining 
the proximal convoluted tubule of the kidney 
of various animal species are capable of ab- 
sorbing colloid substances from the tubule 
lumen(1-4); the process has been named 
athrocytosis. Dock(5) and Addis(6) were 
the first to suggest that under normal circum- 
stances plasma proteins are to some extent 
filtered through the glomerulus of the kidney 
and reabsorbed by cells of the tubules. Be- 
cause of the enormous volume of glomerular 
filtrate, a concentration of protein in the 
glomerular filtrate of only 15 mg/100 ml 
would result in excretion in the human 
of about 27 g of protein in 24 hours 
if the protein were not reabsorbed by 
the tubule cells. The work of many in- 
vestigators has contributed to the concept 
of glomerular filtration and tubular reabsorp- 
tion of plasma proteins in normal and ab- 
normal conditions. These reports have re- 
cently been reviewed by Rather(7). Since 
this review, the quantitative aspects of tubu- 
lar reabsorption of protein in the normal rat 
has been studied by Sellers, e¢ a/.(8) and the 
mechanism of tubular handling of reabsorbed 
protein has been investigated by Oliver and 
co-workers(9). Theoretically, a decrease in 
tubular reabsorption of plasma proteins fil- 
tered through normal glomerular basement 
membrane could account for the protein 
found in urine in most instances of protein- 
uria. Actually, however, in glomerulonephri- 
tis there is evidence of glomerular damage, 
and even in cases of idiopathic nephrotic syn- 
drome, where only basement membrane thick- 
ening is found to suggest changes in glomeru- 


lar permeability, calculations based on clear- 
ance studies in patients with massive pro- 
teinuria lead to the conclusion that glomerular 
permeability to plasma proteins is increased 
(10). This still leaves open tthe question of 
whether proteinuria occurs solely because fil- 
tration through abnormally permeable glo- 
meruli exceeds the normal ability of tubules to 
reabsorb protein, or whether a decrease in 
tubular reabsorption of protein is an added 
factor in production of proteinuria. 

The dye T-1824 (Evans Blue) binds firmly 
to serum proteins and has been used to meas- 
ure renal clearance of albumin in humans(11) 
as well as tubular reabsorption of protein in 
rats(5,8,12). The amount of dye accumulat- 
ing in droplet form in cells of the proximal 
convoluted tubule iis assumed to be a measure 
of reabsorption from the tubule lumen of dye- 
labeled serum proteins. In the present report, 
dye-labeling of serum proteins has been used 
to study the role of tubular reabsorption of 
protein in 2 types of experimentally produced 
proteinuria. 

Materials and methods. Female Osborne- 
Mendel rats of about 150 g body weight were 
used. Proteinuria due to uranium adminis- 
tration was produced by intravenous admin- 
istration of 0.174 mg uranyl acetate containing 
0.1 mg uranium, in 1.0 ml of 0.15 M saline. 
Proteinuria due to anti-kidney serum was in- 
duced by a single intravenous injection of 
rabbit anti-rat kidney serum. The nephro- 
toxic serum was obtained from rabbits im- 
munized by repeated intraperitoneal injec- 
tions of glomerular fraction of perfused rat 
kidney homogenate. To obtain urine for pro- 
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FIG. 1. 


Sagittal section and surface view of un- 
fixed kidneys from control rat (left), rat with pro- 
teinuria produced by uranium inj. (center), and 
rat with proteinuria produced by inj. of nephro- 
toxic serum (right). Each rat received 2.5 mg T- 
1824 intray. 24 hr before kidneys were removed. 


tein determinaitions, rats were placed in in- 
dividual metabolism cages with an adequate 
liquid diet containing casein hydrolysate in 
place of protein and urine was collected over- 
night. Proteinuria was measured by the 
method of Shevsky and Stafford(13). 
and one-half mg of T-1824 dye in 0.15 M 
saline were injected intravenously into a foot 
vein of rats followed by an overnight urine 
collection. Twenty-four hours after dye in- 
jection, the rats were anesthetized with ether, 
exsanguinated from the abdominal aorta, and 
both kidneys were decapsulated and removed. 
One kidney was sliced in half with a razor 
blade, placed in a Petri dish containing ice 
cold 0.15 M saline and examined in the gross 
and at various magnifications under a Leitz 
binocular dissecting microscope. The other 
kidney was fixed in 10% formalin and both 
frozen sections and hematoxylin and eosin and 
PAS stained sections were made. In another 
experiment, some animals were autopsied at 
daily intervals after antiserum injection and 
the kidneys were examined and weighed. 
Results. Normal rats. After intravenous 
injection of 2.5 mg of T-1824 in normal rats, 
a normal straw or amber colored urine was 
obtained. Study under dissecting microscope 
of kidneys removed 24 hours after dye injec- 


Two 
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tion showed a pale green-tan or blue-green 
surface, and at higher magnifications none of 
the mosaic pattern of convoluted tubules was 
strikingly stained by the dye. On cut section 
(Fig. 1), the outer zone of the cortex was a 
faint but definite green, the inner zone was 
colorless and the medula was red. It was evi- 
dent that relatively small amounts of the blue 
dye were present in the tubular cells. 

Uranium proteinuria. It was observed in 
preliminary experiments, data from one of 
which are shown in Table I, that protemuria 
was produced after a latent period of 2. or 3 
days by 0.174 mg of uranyl acetate. - This 
dose was chosen for 4 T-1824 experiments in 
8 rats each. Forty-eight hours following in- 
jection of uranyl acetate, T-1824 dye was in- 
jected. Urine collected overnight was blue 
and contained protein. Twenty-four hours 
after T-1824 injection, the external surface 
of kidneys were a pale green color not unlike 
the T-1824 injected normal rat kidneys (Fig. 
1), but at’ higher magnification the mosaic of 
tubules consisted of pale green colored tubules 
alternating with completely colorless tubules 
not observed in control rats. The cut section 
of kidneys showed a pale green outer cortex, 
containing somewhat ess blue color than the 
T-1824 injected contro] kidneys, a colorless 
inner zone of cortex and the red medullary 
zone. Microscopic examination showed ap- 
parently normal glomeruli and changes in 
cells of proximal convoluted tubules consist- 
ing of marked necrosis and even desquama- 
tion of cells fromthe tubular basement mem- 
branes. 

Nephrotoxic serum proteinuria. After in- 
travenous injection of a standard dose of rab- 
bit anti-rat kidney serum (twice the minimum 
amount required ‘to produce proteinuria), the 
150 g female rats developed‘ immediate pro- 
teinuria. In most rats proteinuria persisted 
indefinitely, but in some rats it gradually sub- 
sided. Definite renal enlargement occurred 
in 2 or 3 days. T-1824 studies were made as 
early as 24 hours and at various longer pe- 
riods after antiserum injection in 17 rats with 
chronic proteinuria due to nephrotoxic serum. 
The urine collected after T-1824 injection 
contained about 7 mg/hr of protein and was 
blue. When examined 24 hours‘after T-1824 


TABLE I. 


Time of Onset of the Proteinuria Produced by Intravenous Injection 
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of Uranium 


and Nephrotoxiec Serum. 


Proteinuria 


Day 1 Day 2 Day3 Day4 Day 7 
Material inj. No. rats mg/hr ~ 
Saline (controls) 4 con 2 ail 2 2 
.0178 mg uranyl acetate 2 2 “1 3 3 2 
SLL” ola Ovens ‘i 8 3 pil 1.6 1.0 5 
1.78 mg +) 4 fat 3.5% ; 
Nephrotoxie serum + 1.0 D1 4.0* 


* Sacrificed for autopsy examination. 


injection the surfaces of kidneys were deep 
blue and under higher magnification one could 
see against the background of blue-stained 
tubules an occasional convoluted tubule which 
was an even more intense blue (Fig. 1). At 
highest magnification the blue could be seen 
to be in granular form, apparently in the tu- 
bule cells. The cut sections showed intense 
blue staining of outer and inner zones of the 
cortex; the medulla was red. Frozen sections 
of such kidneys after formalin fixation showed 
the blue granules or droplets in the cytoplasm 
of tthe cells lining the proximal convoluted 
tubules as has been described by other inves- 
tigators in kidneys of normal rats 24 hours 
afiter intravenous injection of much larger 
amounts (25 mg) of T-1824(8,12). Varying 
degrees of basement membrane thickening and 
patchy lipid deposition in tubule cells were 
present. 

It should be noted that the amount of T- 
1824 injected in our experiments was suf- 
ficiently small that it should have been com- 
pletely bound to albumin even in chronically 
proteinuric rats with lowered plasma albumin 
levels. To avoid complication of the differ- 
ence in plasma albumin levels between con- 
trol and nephrotic rats, 2.5 mg of T-1824 were 
administered to 12 normal rats and followed 
within a few minutes in 6 rats by nephrotoxic 
antiserum. In those rats receiving nephro- 
toxic serum, there was deep blue staining of 
the cortex in 24 hours as described in the 
chronically proteinuric rats. 

Discussion. Previous investigators have 
summarized ‘the facts and the reasoning be- 
hind the assumption that the appearance of 
the T-1824 dye in the cytoplasm of proximal 
convoluted tubule cells represents dye-labeled 
protein which has been filtered through the 


glomerulus and reabsorbed from the tubule 
lumen by proximal convoluted tubule cells(5, 
8,12). The T-1824 in serum and urine of 
proteinuric rats was all precipitated with the 
protein by protein precipitating agents in the 
experiments of Gilson(12), and Sellers, e¢ al. 
(14), and in our own experiments. 

In the present experiments, the injection of 
one-tenth of the amounts of T-1824 used in 
experiments of others with normal rats(12, 
14) resulted in appearance of only a small 
amount of color in the cortex of normal raits 
after 24 hours. In rats with proteinuria re- 
sulting from anti-kidney serum administra- 
tion, appearance of large amounts of T-1824 
in the tubule cells probably indicates that 
dye-labeled protein entered the cells in larger 
amounts than in the T-1824 injected control 
rats. This is consistent with the hypothesis 
that an increase in glomerular permeability 
due ‘to antiserum damage led to increased fil- 
tration of dye-labeled serum proteins through 
the glomerulus, followed by increased tubu- 
lar reabsorption of dye-labeled protein. The 
greater than normal accumulation of blue 
dye in 24 hours in the tubule cells of rats 
which received T-1824 prior to nephrotoxic 
serum administration seems to us to eliminate 
the possibility that the accumulation of dye 
in nephrotic rats is due to the presence of a 
larger amount of unbound dye in nephrotic 
rats than in controls. An alternative explana- 
tion for our finding is that damage to the 
tubule cells interfered with the mechanisms 
for disposing of the reabsorbed dye so that an 
increase in the dye in tubules occurred with- 
out an increase in tubular reabsorption of pro- 
tein. Consideration of the findings in the kid- 
neys of rats with uranium damaged tubules 
makes this possibility seem unlikely. 
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The renal enlargement which occurs in rats 
receiving anti-kidney serum presumably is re- 
lated to the increased reabsorption and per- 
haps degradation of filtered protein; this is 
suggested by the observation of similar en- 
largement when proteinuria was produced by 
repeated infusions of protein in normal rats 
(15). 

The rats injected with 0.1 mg uranium in- 
travenously developed proteinuria only after 
48 to 72 hours. Uranium is transported in 
combination with serum albumin and bicar- 
bonate(16). Since almost all the injected 
uranium leaves the blood stream, and concen- 
tration in the kidney is greatest in the first 
few hours(17), it is difficult to account for the 
delay in onset of proteinuria. Tubular reab- 
sorption of uranium from ‘the tubule lumen 
would account for ‘the well known localization 
of uranium produced renal damage in the 
proximal convoluted tubule(17). It is also 
consistent with the concept that the protein- 
uria produced in uranium injected rats is due 
primarily to decreased ‘tubular reabsorption 
of protein by damaged tubule cells since no 
increase, and in fact a probable decrease, in 
T-1824 accumulation by tubule cells is found. 
Since no glomerular damage is detected in the 
presence of obvious localized tubular necrosis 
in such rats, it is tempting to consider that 
the protein appearing in urine is normally fil- 
tered plasma protein which is no longer reab- 
sorbed by damaged tubule cells. One cannot, 
however, rule out the possibility that an in- 
crease in glomerular permeability has oc- 
curred in addition to decreased tubular reab- 
sorption of protein. 

The findings indicative of increased reab- 
sorption of dye-labeled protein by the tubule 
cells of the kidneys of rats injected with anti- 
rat kidney serum are in accord with similar 
observations made by Spector(18) using ra- 
dioactive iodine as the tag for serum protein. 
It should be noted that ‘the rats receiving 
antikidney serum develop hypoproteinemia 
and lipemia and have renal lesions which are 
similar to those observed in many cases of the 
nephrotic syndrome in man(19). 

Summary. An attempt was made by la- 
beling plasma proteins with the blue dye T- 
1824 to estimate the amount of protein fil- 


tered and reabsorbed by the kidney under sev- 
eral conditions. A single intravenous injec- 
tion of 2.5 mg of T-1824 into normal rats did 
not cause the urine to be blue and the kidneys 
examined 24 hours after ithe injection exhib- 
ited only faint blue staining of the proximal 
convoluted tubules of the cortex. When pro- 
teinuria was produced by a single small injec- 
tion of uranyl acetate, the injection of T-1824 
was followed by blue staining of the urine. 
However, the cortices of the kidneys con- 
tained less blue dye than those of control ani- 
mals, indicating, presumably, that there was 
less protein reabsorption than normal by the 
damaged tubular cells. Injection of the blue 
dye into nephrotic rats with proteinuria due 
to administration of nephrotoxic anti-rat kid- 
ney serum was followed by blue staining of 
the urine and intense blue staining of the cor- 
tices of the kidneys. This presumably indi- 
cated that protein reabsorption by the tubu- 
lar cells was greater than normal, and that the 
proteinuria was a result of increased glome- 
rular permeability and not of decreased tubu- 
lar reabsorption of normally filtered protein. 
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It has long been realized that in the cyto- 
differentiation of germ cells not only genes 
and external environmental factors play im- 
portant roles, but also certain conditions of 
their immediate milieu(1). The first figure 
presents diagrammatically the basic facts and 
their interpretation based on recent work. 
Germ cells, on arriving in the primitive go- 
nadal cortex, become invested each by a 
nurse or follicle cell. T{ unopposed, the fol- 
licle eventually induces development of the 
germ cell into an egg. However, if at the 
critical stage of sex differentiation a germ cell 
becomes located in tthe medulla, another in- 
ductor system, the interstitial cells, wpsets the 
influence of ‘the follicle cells and leads to the 
spermatogenetic type of differentiation. 

How can such an interpretation be inte- 
grated with ithe well known facts of genic con- 
trol of sex ratios? The present experiments 
seem ‘to shed some new light on this problem. 

Material and methods. Xenopus laevis 
Daudin has been bred in our laboratory since 
1949 without addition of new stock. The 
experimental larvae were placed in hormone 
solutions of given concentrations, the solu- 
tions being completely replaced every 24 
hours. The temperature was kept constant 
aie AOC. 

Experiments. Since in the adult organism 
follicles and interstitial cells produce estro- 


* Aided by ‘a grant from the Rockefeller Founda- 
tion. The authors are also indebted to Ciba Phar- 
maceutical Products, Inc., for the generous supply 
of the steroid hormones. 


genic and androgenic steroids, it was neces- 
sary to investigate the possibility that in em- 
bryonic sex differentiation the same hormones 
might first play the role of imductor sub- 
stances. Experiments with Xenopus gave 
very interesting results, although not in the 
sense of a confirmation of the tentative as- 
sumption. Small or large doses of androgens 
added ‘to the aquarium water equally produce 
what first seemed to be all premature male 
cultures. Given throughout the larval period 
they yield at metamorphosis little toads that 
all have well developed dark arm and hand 
pads and immediately start embracing each 
other. However, on dissection it is found that 
only about half of the animals have testes, 
the other half have normal ovaries (Fig. 2). 
We shall later come back to this experiment 
but next must describe the effect of the op- 
posite treatment: exposing the larvae to es- 
trogenic hormones, usually estradiol. Here 
the entire offspring is completely feminized. 
The original experiments with Allison(2,3) 
have often been repeated and thousands of 
offspring have been produced that consisted 
of females only(4,5). Some recent data are 
presented in Fig. 3. 


These two hormone effects are all the more 
remarkable, because they are in contrast with 
the results of parabiosis and gonad trans- 
plantation, as described by Chang(6). The 
simultaneous presence of testes and ovaries in 
a system with a common blood circulation 
always results in normal testes and greatly 
suppressed ovaries. Sometimes even testicu- 
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FIG. 1. Diagram of cortical and medullary inductors of sex differentiation. 
FIG. 2. Genetic female (ZW) which while under testosterone administrations developed 


ovaries and male secondary sex characters. 


lar nodules appear in the latter. 

The striking difference between these reac- 
tions proves that the inductor substances are 
not steroid hormones; for even if the male 
parabiont were producing an androgen, our 
first experiment shows that it could only stim- 
ulate secondary sex characters but not inhibit 
ovarial development. On the other hand, if 
the female partner were liberating small 
amounts of estrogens, the genetically male 
co-twin should develop ovaries—which again 
is not so. What then is the nature of the in- 
ductor substance? Further analysis of this 
problem must be preceded by a clarification 
of the role played by the sex genes(Fig. 3). 

In Xenopus normally the female is hetero- 
zygous (ZW) and the male homozygous 
(ZZ). Therefore, treating part of the lay of 
a normal pair with estradiol should give an all 
female offspring in which half are of ZZ con- 
stitution. This had to be verified in breeding 
tests, for both ZZ and ZW animals are of the 
same appearance. Of 43 tested in this way, 
22 gave an F, generation with the normal 1:1 
ratio (ZW females): but 21 produced entirely 
male offspring and thereby proved to be of ZZ 
constitution. Evidently we can now dispense 
with the heterozygous sex type. Breeding 
homozygous stock only, one may produce any 
desired number of females by estradiol treat- 
ments at the larval stage. The possibility of 
controlling the sex ratio at the will of the ex- 


perimenter is often a great convenience. 
These breeding experiments with sex re- 
versed toads spread some revealing light on 
the problem of the nature of sex determining 
genes. Since estradiol need only be adminis- 
tered during a short larval period, it is evident 
that the entire process of ovogenesis and the 
development of female secondary sex charac- 
ters, including sex behavior, are no longer 
under the control of the sex genes. Appar- 
ently the genes play an active role only during 
a short and definite period, starting a ‘chain 
reaction which later runs off independently. 
In trying to locate this period we first treated 
several 100% ZZ (male) cultures for 1-week 
periods with estradiol, and soon found that 
the critical time lies at the transition of stages 
26 and 27(7), which actually is the time of 
initial embryonic differentiation (Table I). 
Attempts to pinpoint more exactly the time 
of interference with gene action led to surpris- 
ingly clear results. The primitive undifferen- 
tiated gonad of Xenopus consists of a series 
of about 15 pseudosegments or gonomeres. In 
accordance with general vertebrate develop- 
ment, they form and mature in craniocaudal 
sequence. If 2-day administrations of estra- 
diol are given at the end of stage 26, the tops 
of the gonads differentiate into ovary, but the 
lower part remains unaffected and develops 
according to the testicular type (Fig. 4b, 5b). 
If, however, treatment is delayed until the 


142 


SAE a 


oy 


113 «126 
Discard (21) x (21) (22)—x— Control 
males 
Untreated Estradiol 
1419 136 529 505 
x Discard 
FIG. 3 


FIG. 3. Experimental breeding record of Xenopus. 
start of stage 27, the lower gonomeres become 
ovarial lobes. One may even produce triple 
sequences with ovary in the center and testis 
at both poles (Fig. 4a, 5a). In average cul- 
tures complete feminization requires close to 
3 days. This means that about every 5 hours 
a new gonomere enters the responsive phase. 
These experiments help in clarifying some 
aspects of the problem of gene action, recently 
discussed by Curt Stern(8). In general, the 
breeding of sex-reversed males in successive 
generations gives proof that the upset of genic 
expression neither induces, nor depends upon 
perceptible readjustments in the genic pool. 
This conclusion is unavoidable here, because 
the very cells that develop into eggs instead of 
sperms carry the genes into the subsequent 
generations. Also it becomes evident that the 
results of gene action are in time and quality 
co-determined by preadjusted factors of the 
internal milieu. In the present case the in- 
ternal milieu is represented by inductor cells 
and substances. These are mostly proteins 
while the genes are DNA compounds. Del- 
briick has presented some interesting thoughts 
regarding the possible relationships between 
these widely different chemical classes(9). 
For a more penetrating discussion much more 
precise knowledge is needed especially regard- 
ing the inductor substances. In sex differen- 
tiation of gonochorists (7.e., species with sepa- 
rate male and female sexes) there are at least 
two classes separately recognizable. Cortex 
and medulla each produces an agent, corticin 
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TABLE I. Series of All-Male (ZZ) Larvae, Hach 
Treated during One of 4 Successive Weeks, with 
Estradiol, 50 ug/l. 

Treatment Nil* 


Stage (7) NAT Sis, 2 ie) 


ist wk 


24-25 47 38 38 
2nd 25-26 47 41 38 3 
3rd 26-27 72 65 4 61 
4th t= 28 47 41 41 i 
Continuous 24-29 80 69 69 
None 292 278 278 


* Original No. of tadpoles. 
+t No. of tadpoles survived. 


and medullarin respectively, which induce 
ovogenesis or spermatogenesis. While in 
primitive hermaphrodite species the induc- 
tions by these substances may proceed side by 
side, even within one and the same gonad, in 
gonochorists the agents assume the character 
of antigens, so that the cortex now produces 
also an anti-medullarin and the medulla an 
anti-corticin. These ‘‘antibodies” have a wider 
range of action than the primary inductor 


substances and, as parabiosis experiments 


prove, they are proteins of high specificity 
that often are carried by, the blood stream. 
These conclusions are partly a reinterpreta- 
tion of previously reported experiments, but 
they are also based on the following new ob- 
servations on Xenopus. 

It was mentioned above that in male-female 
parabiosis, the ovary becomes extremely re- 
duced. The same is the case if a testis is im- 
planted into the body cavity of an early fe- 
male larva. Interestingly, the same inhibi- 
tion is not exerted by the testicular lobes of 
partially feminized males. Quite to the con- 
trary, the ovarial lobes grow at about the 
same rate as ovaries of completely feminized 
larvae (Fig. 6). The full spermatogenic de- 
velopment in the testicular segment remains 
unaffected by tthe proximity of ovarial, also 
normally maturing lobes (Fig. 7). This is 
new evidence of ‘the separate existence of the 
inductor of male differentiation (medullarin) 
and the inhibitor of ovarial differentiation 
(anti-corticin). Estradiol administration 
blocks the former only during actual treat- 
ment but the latter more generally and last- 
ingly. 

The rule that androgens have no sex-re- 
versing effect on female larvae becomes 
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Ff Sees: ms - Oe Se Bene 
FIG. 4. Newly metamorphosed hermaphrodites of ZZ stock treated for 3 days with estra- 
diol; a. ovarial gonomeres in the center of the sex glands; b. ovarial gonomeres above the 
(broader) testicular parts; « 19. 

FIG. 5. Frontal sections through one sex gland each of 4a and 4b. Ovarial gonomeres with 
central cavities; x 27. 

FIG. 6. ZZ males treated with estradiol, preserved 4144 mo. after metamorphosis; a. com- 
pletely feminized; b. with a testicular segment in the lower right gonad; x 5. 

FIG. 7. Longitudinal section through lower right gonad of 6b showing hermaphrodite mo- 
saic; * 40. 
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TABLE II. Double Treatment with Estradiol, 50 
ug/l, Followed by Testosterone, 50 yg/l, until 


Metamorphosis. 
Treatment EY 9 Q 
A. Control 55 = — 
~ Estradiol (7 days) = 1 17 
Estradiol followed by 16 5 — 
testosterone 
B. Control 72 — 63 
Estradiol (7 days) 1 5 18 
Estradiol followed by 7 4 10 
testosterone 


slightly modified in the following experiment. 
Genetic males (ZZ), treated at the proper 
time with estradiol, become changed into fe- 
males, if reared later in pure water. How- 
ever, if the estradiol ‘treatment is immediately 
followed by administration of testosterone, 
the animals revert back to males. Table II 
presents 2 experiments with identical pro- 
cedures. But in the first one (A) the mother 
was a sex reversed male (ZZ) while in the 
second (B) she was of normal ZW constitu- 
tion. Both experiments show that estradiol 
treatments feminize offspring of the ZZ type; 
but if it is immediately followed by testos- 
terone, the reversion is wiped out, all ZZ in- 
dividuals become males again (or intersexes). 
Under exactly the same conditions the ZW 
individuals develop normally into females. 
This abolition of initiated sex reversal is the 
only indication that androgens may inhibit 
the cortical inductors in a similar though 
much less effective way as estrogens are sup- 
pressing the medullary system. 
Conclusions and summary. Continuation 
of experiments on sex determination, particu- 
larly with Xenopus, led to the conclusion thait 
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the primary inductors, corticin (of follicle 
cells) and medullarin (of interstitial cells) are 
antigens. The corresponding anti-corticin 
and anti-medullarin, suppressing the contrary 
inductor system, are responsible for the uni- 
sexual (gonochoristic) development of each 
individual. Normally the decision of cortical 
(female) or medullary (male) prevalence de- 
pends on the quantitative relationship be- 
tween sex determining genes. Experimental 
reversal of ‘this influence does not produce, 
or depend on, any perceptible temporary or 
permanent change in gene composition or 
function. If administered at a short critical 
period of sex determination (St. 26/27), es- 
tradiol causes ZZ larvae ito develop perma- 
nently as females. This effect is brought 
about by depression of the medullary induc- 
tor system. The possibly ensuing develop- 
ment of hermaphrodite glands indicates that 
selectively the capacity of antibody (anti- 
corticin) formation is more generally affected 
than that of the antigen (medullarin). 
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Differential Distribution of Enzyme Hydrolyzing Acetylsalicylic Acid 


(Aspirin) in Certain Fluids of the Rat.* 
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It appears likely that degradation of sali- 
cylic acid occurs principally, though prob- 


* Partially supported by a grant from the Wiscon- 
sin Heart Assn. 


ably not exclusively, in the kidneys since 
metabolites appearing in urine are not recov- 
erable from the blood(1). The process is 
probably a complex one involving filtration at 
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the glomerulus, ‘tubular reabsorption, tubular 
conjugation and tubular excretion. However, 
the conversion of acetylsalicylic acid (herein- 
after referred to simply as aspirin) into sali- 
cylic and acetic acids apparenitly takes place 
widely throughout the body(2), and it there- 
fore becomes desirable to learn whether there 
is any differential distribution in various body 
fluids of ithe enzyme that catalyzes this hy- 
drolysis. The object of the present study was 
to determine whether there are differences in 
rates of in vitro production of salicylic acid 
when aspirin is incubated in presumable im- 
mediate fluids of contact after gastrointes- 
tinal absorption in the rat (i.e., abdominal 
thoracic duct lymph and portal vein blood) 
as contrasted with the ‘systemically circulat- 
ing blood. 

Methods. Obtaining the fluids. Male 
Sprague-Dawley rats weighing between 175 
and 225 g and full-fed on our usual adequate 
laboratory diet until the morning of the ex- 
perimenits, were used in 3 groups. In the 
group in which lymph was to be diverted for 
collection outside ithe body the animals were 
anesthetized with ether and the thoracic duct 
cannulated by the method of Bollman e¢ ai. 
(3). This technic comprises entrance into 
abdominal cavity through a large left flank in- 
cision, puncture of thoracic duct at approxi- 
mately 1.5 cm above the receptaculum chyli, 
tying in a polyethylene tube (O.D. 0.062 cm, 
I.D. 0.045 cm) for drainage of lymph, and 
bringing the tube out of the cavity through 
puncture wound in midline of abdomen. On 
completing the silk-suture closure both the 
left flank wound site and that of the stab 
are painted over with collodion. The anes- 
thetic is then withdrawn and lymph collection 
begins with animal confined in the Bollman 
cage(4), in which considerable freedom of 
movement is allowed without permitting claws 
or teeth to reach wound or protruding tube. 
Lymph was collected during 6 hours in a 
small centrifuge tube into which was placed at 
the beginning one small drop from a No. 27 
needle of heparin sodium solution (10,000 
units/ml) and a similar drop added as each 
ml of lymph accumulated. The collection 
tube was continuously twirled in beaker of 
ice water to insure that enzyme activity 


stopped at the moment a drop of lymph en- 
tered it and refrigerated at 4°C at end of 
sixth hour. In all instances, with 2 or 3 amni- 
mals producing simultaneously, a lymph pool 
adequate for preparation of ‘the aspirin solu- 
tion was obtained through collections on 2 or 
3 consecutive days. Animals bled from portal 
vein were anesthetized with ether, the abdo- 
men opened in midline from manubrium 
sterni to symphysis pubis, the gastrointestinal 
structures displaced to gain access to the 
portal vein, the latter tied off close to point 
of entrance into the liver, and 2 ml of blood 
collected through syringe and needle, the lat- 
ter containing 2 small drops of heparin solu- 
tion, by direct puncture of the vein. The in- 
dividual blood specimens were quickly cooled 
by ‘twirling in beaker of ice water and a suf- 
ficient number accumulated to supply a 
plasma pool of equal size to that of lymph. 
The plasma obtained by centrifugation at 
3500 r.p.m. for 10 minutes was stored in re- 
frigerator. The blood specimens that were 
‘to represent systemically circulating blood 
were obtained by direct heart puncture under 
ether anesthesia of the third group of rats, 
cooling the 2 ml heparinized specimens as in 
the case of portal vein bloods and refrigerat- 
ing the pooled plasma. Determination of en- 
zymatic hydrolysis. On second or third day 
the 3 separate pools (lymph, portal vein 
plasma and heart’s blood plasma) were fil- 
tered and 10 ml of each were placed in a sepa- 
rate flask into which aspirin had been previ- 
ously introduced. The flasks were shaken 
vigorously for 2 minutes, then incubated at 
38°C together with a flask containing only 
water and aspirin. The concentration of as- 
pirin in all flasks was 50 mg/100 ml. At pre- 
cisely 20, 40, 60, 80, 100 and 120 minutes 
after beginning of incubation, 1 cc aliquots 
were withdrawn from the flasks and the sali- 
cylic acid content determined by the method 
of Brodie ef al.(5), in which tthe salicylic acid 
is extracted in acidulated ethylene dichloride, 
transferred to ‘the water phase, an iron re- 
agent added to give color, and read in the 
spectrophotometer at 540 millimicrons. 
Results. The recoveries of salicylic acid 
from the 3 fluids are shown in Fig. 1, in which 
the data are charted as percentage recovered 


146 CARBOHYDRATE OF y GLOBULINS 


PERCENTAGE OF POTENTIALLY RECOVERABLE ACID 


20 40 60 80 100 120 
MINUTES OF INCUBATION 


FIG. 1. Percentage recovered of potentially re- 
eoverable salicylic acid after in vitro incubation of 
acetylsalicylic acid in the respective fluids (rat). 


of the potentially recoverable acid, using the 
means of 4 separate pools of each fluid at 
each of the time intervals. The highest re- 
coveries at all intervals were from heart’s 
blood, next highest from portal vein blood, 
and lowest from lymph. Throughout the en- 
tire 2-hour period the hydrolysis of aspirin 
proceeded at only about one-half the rate in 
lymph as in heart’s blood. It is doubtful if 
the findings in the portal vein blood are truly 
representative of ‘the enzymatic-hydrolysis- 
potential of that fluid directly as it leaves 
the site of principal aspirin absorption in the 
small intestine, because the specimens were 
taken without tying off the confluent veins 
from the stomach, spleen and pancreas, and 
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therefore they contain some blood that had 
recently traversed the organs named. The 
presently designated portal vein blood is 
therefore actually such blood as it is deliy- 
ered to the liver but it is not truly the first 
sanguine fluid that is encountered as aspirin 
is absorbed. 

Discussion The data establish that as- 
pirin is hydrolyzed much less rapidly in 
lymph than in blood. It will be the objective 
of subsequent studies to determine whether 
the respective rates can be influenced by any 
adjuvant measures in the hope that the find- 
ings may help in the development of a satis- 
factory technic for determining salicylate 
antiphlogistic action in the laboratory. 

Summary. The in vitro enzymatic hydroly- 
sis of acetylsalicylic acid (aspirin) has been 
found 'to proceed only about one-half as fast 
in the abdominal thoracic duct lymph of the 
rat as in the heart’s blood of the same animal. 
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Considerable evidence has accumulated 
suggesting that certain antibodies in human 
(1,2,3) as well as horse sera(4,5) are of 
higher molecular weight than other anti- 
bodies and the bulk of y-globulin. A sedi- 
mentation constant of approximately 19 S 
has usually been observed in the ultracentri- 
fuge indicating a molecular weight close to 1 
million instead of the ordinary 150,000. The 


possibility has been raised that these large 
proteins are aggregates of the low molecular 
weight components(6). Recent experiments 
employing zone electrophoresis(7) have fur- 
nished evidence that normal human y-globu- 
lin contains from 5-10% of 19 S material as 
a constant constituent. This is localized pri- 
marily in the faster migrating portion of the 
y-globulin. Gamma globulin prepared by 
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Deutsch employing alcohol fractionation has 
been found to contain significant amounts of 
this heavy component (1). 

Preliminary observations(7) indicated that 
this high molecular weight y-globulin was 
very rich in carbohydrate as compared to the 
main 7 S fraction. The latter was found to 
contain approximately 2.5% of carbohydrate 
consisting of hexose sugars, hexosamine and 
sialic acid which remained quite constant in 
various preparations. The present report de- 
scribes further observations on the consider- 
ably higher carbohydrate content of the 19 S 
component of y-globulin which has been puri- 
fied by repeated preparative ultracentrifuga- 
tion. 

Methods. Zone electrophoresis was car- 
ried out primarily in a polyvinyl chloride sup- 
porting medium(7) because this was particu- 
larly suitable for carbohydrate analyses of 
isolated fractions. Starch was also used as 
supporting medium but not in those instances 
where carbohydrate analyses were done. Both 
media were employed in a similar manner and 
the amount of 19 S y-globulin isolated by the 
two methods was quite comparable. Several 
preparations highly enriched in heavy ma- 
terial were prepared from pooled normal se- 
rum by preparative ultracentrifugation in a 
Spinco Model E ultracentrifuge. In one in- 
stance 864 cc of normal human serum were 
recycled 8 times at 114,000 x G. The times 
chosen were sufficient to sediment the heavy 
material into the bottom of ‘the tube, and de- 
pended on the total protein concentrations of 
the solutions. Beginning with the fifth cen- 
trifugation albumin was added in an attempt 
ito prevent denaturation of the heavy ma- 
terial. The final preparation, consisting of 
primarily 19 S material and albumin, was 
separated by zone electrophoresis employing 
polyvinyl chloride as a supporting medium. 
Analytical ultracentrifugation of the fractions 
was carried out in a Spinco Model FE ultra- 
centrifuge and the composition was deter- 
mined by methods described by Trautman 
(8). Hexose sugars were determined colori- 
metrically using the anthrone method accord- 
ing to Mokrasch(9). The coefficient of varia- 
tion (V) was 3.2%. The color obtained in 
the anthrone-glycoprotein reaction was cor- 
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rected for the color caused by protein-sulfuric 
acid interaction. The O.D. of an equally 
treated protein-sulfuric acid blank was sub- 
tracted from the O.D. measured after the 
anthrone reaction. The hexose sugars pres- 
ent in serum glycoproteins which are re- 
sponsible for the anthrone color are mannose, 
galactose and 6-deoxygalactose. The latter 
sugar was separately assayed by employing 
the cystine method described by Dische and 
Shettles(10). V=5.4%. For the deter- 
mination of hexosamine the procedure de- 
scribed by Boas(11) was used chiefly. The 
proteins were hydrolyzed in 1.5 N HCl for 
14 hours. Dowex 50 was used to eliminate 
non-specific chromogens and alkali treatment 
which as part of Ehrlich’s reaction was car- 
ried out for 45 minutes at 90°C. V= 3.8%. 

Sialic acid was assayed according to the 
method of Wermer and Odin(12) which is 
based on Bial’s orcinol reaction. Although 
pentoses and hexuronic acid produce color in 
this reaction the absorption maxima of their 
color products differ greatly from the maxi- 
mal absorption of the color caused by sialic 
acid. The absorption curves of 19 S y- 
globulin and 19 S ay-globulin after the orcinol 
reaction are almost parallel to that of sialic 
acid, and their absorption maxima coincide 
with that of the latter at 570 mu. No other 
maximum was observed which could indicate 
the presence of either pentose or hexuronic 
acid. Crystalline sialic acid from ovarian cyst 
fluid was obtained through the kindness of 
Dr. Odin, Uppsala. 

Results. Ultracentrifugal analysis of the 
various fractions of serum separated by zone 
electrophoresis in a starch or polyvinyl sup- 
porting medium has demonstrated that the 
19 S component observed in whole serum is 
distributed in two electrophoretic fractions 
with peak concentrations in the y; and az re- 
gions(13). A similar distribution is obtained 
when the serum is first subjected to repeated 
cycling in the preparative ultracentrifuge and 
then separated by electrophoresis. Fig. 1 
shows the ultracentrifuge pattern obtained 
after concentration of the heavy components 
in the preparative ultracentrifuge. The sam- 
ple contained less than 15% material with a 
sedimentation constant below 19. All the 
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FIG. 1. Schlieren pattern obtained by ultracentri- 
fuge analysis of a preparation of heavy component 
(Sea LOIS 


albumin had been removed and only a small 
amount of 12 S and 7 S fractions remained. 
In this case no further albumin was added. 
The main peak after analysis at various con- 
centrations was calculated to be Soo,w = 19 S. 
This sample was then subjected to zone elec- 
trophoresis in the starch medium and the 
protein pattern obtained is shown in Fig. 2. 
Two peaks are evident, one in the y; and the 
other in the az regions as indicated by com- 
parison with the pattern of the original whole 
serum separated on the same starch block. 

A number of different preparations of y- 
globulin with varying amounts of heavy com- 
ponent were examined in the analytical ultra- 
centrifuge and subjected to carbohydrate 
analysis. The amount of carbohydrate found 
was compared with the relative concentration 
of 19 S material. These results are plotted 
in Fig. 3. One of the major problems en- 
countered in this work was progressive insolu- 
bility of the 19 S material after concentration 
and storage in the cold in the purified state. 
Associated with these alterations was the ap- 
pearance of components with increased S 
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FIG. 2. Upper curve represents protein pattern 
obtained after electrophoretic separation of nor- 
mal human serum. Lower curve represents a prep- 
aration of heavy component separated under iden- 
tieal conditions on the same starch block. 


rates in the ultracentrifuge pattern. Since 
these materials were formed at the expense 
of the 19 S peak, they were included in Fig. 3 
as belonging in the 19 S class. The question 
whether all of these heavier components arose 
in this manner was not entirely answered. 
Trace amounts were also found in some 
freshly isolated y-globulin preparations. No 
evidence was obtained that the major 7 S 
fraction of y-globulin aggregated in this man- 
ner to material with an S rate higher than 12. 
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FIG. 3. Correlation between amount of 19 S mate- 
rial present in several y-globulin preparations and 
the hexose-peptide ratio, 
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TABLE I. Carbohydrate Content of y-Globulin and Various 19 S Proteins. 


Yo % 
Protein GN hexose fucose 
y-glob. (7 8) 15.64 1,22 .29 
v1 (19S) 14.47 5.20 .62 
a. (198) 14,22 4.55 
Macroglob. 1* 14.50 4.85 62 


* Kindly furnished by Dr. H. F. Deutseh. 


As shown in Fig. 3, there was a direct re- 
lationship between the percenitage heavy com- 
ponents found in y-globulin preparations and 
the carbohydrate-protein (peptide) ratio. 
The lowest point on the curve represents the 
ratio obtained for y-globulin which is com- 
pletely free of heavy components. The latter 
was obtained as previously described(7) from 
certain preparations of Fr. II-y-globulin and 
from electrophoretic isolation of the slowly 
migrating material. The results obtained 
_ with 2 preparations which were close to 100% 
heavy component are indicated in the upper 
portion of 'the curve. The point, indicated as 
a solid dot, was not utilized in the plot be- 
cause only a small amount of this preparation 
was available and the analyses were not con- 
sidered to be as accurate as for the other 
points. Duplicate analyses were obtained for 
all the other preparations. 

Table I shows the results of more detailed 
quantitation of the different carbohydrate 
components of one preparation which con- 
tained less than 5% of material with S rates 
lower than 19 S. For comparison the results 
obtained with 7 S y-globulin and the a, heavy 
component are also indicated. It is apparent 
that the high molecular weight y-globulin con- 
tains approximately 5 times as much hexose 
sugars as does the 7 S fraction. It has a low 
hexosamine-hexose ratio and is relatively rich 
in sialic acid. It is of interest that the a» 
fraction which is very similar to the y; heavy 
component in size and shape(13) is also simi- 
lar in carbohydrate content. 
gives ‘the results obtained with a preparation 
of y; material obtained from a case of Wal- 
denstrém’s macroglobulinemia. Immunologi- 
cal evidence obtained in this laboratory (14) 
and also by Korngold(15) has indicated a 
close relationship between the normal heavy 
component and the pathological macroglobu- 


Table I also_ 
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% total dacGnihe 
% hex- % sialie carbohy- Ae Aosauny 
osamine acid drate Hexose 
1.14 22 268.5. 04 
2.90 1.70 9.80 Do 
2.68 2.30 10.53 59 
2.66 zal! 9.22 3) 
lins. The carbohydrate content of this 


macroglobulin is similar to the normal prepa- 
ration. 

The sera of 4 patients (3 children and 1 
adult) with agammaglobulinemia* were in- 
vestigated to determine tthe concentration of 
the 19 S component migrating in the y, re- 
gion. When compared with normal sera a 
reduction to one-tenth or less of the normal 
level was found in 3 of the 4 cases. The meth- 
ods used were not sensitive enough to indi- 
cate whether or not there was an even further 
reduction. Carbohydrate analyses on the 
fractions from one of these sera showed a com- 
plete absence of anthrone positive material 
throughout the ys and y; regions. The as 
heavy component was not reduced in concen- 
tration in two of these sera in which it was 
examined. 

Discussion. The high carbohydrate con- 
tent of the 19 S group of proteins which mi- 
grate in the y-globulin region demonstrates 
that these are not simple aggregates of the 
main 7S type. They may represent polymer- 
ized molecules \but if this is the case the basic 
units differ in hexose, hexosamine and sialic 
acid from other y-globulins. Immunological 
studies which will be published separately 
(14) indicate that there are distinct antigenic 
differences between these 2 types of y-globulin 
but that there is also considerable cross reac- 
tion. A similar immunological relationship 
was observed between 19 S and 7 S antibodies 
in horse sera by Treffers and associates(5). 
These observations suggest that the basic unit 
of the 19 S group of y-globulins is similar to 
that of the 7 S class. The question of whether 
all the antigenic differences can be accounted 
for on the basis of the increased carbohydrate 
along with the large size of the heavy com- 
-* The authors are indebted to Dr, Robert Good 
for 3 of these sera. 
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ponents is not as yet answered. 

It should be emphasized that the 19S y 
globulin preparations analyzed in this study 
were never obtained 100% pure. Low mole- 
cular weight proteins could be almost com- 
pletely removed and they presented a rela- 
tively minor problem. However the compon- 
ents with a sedimentation rate greater than 
19S could never be eliminated entirely. The 
possibility remains that these materials may 
not be solely aggregates of the 19S fraction 
and cause slight alterations in the measured 
carbohydrate-protein ratio. 

In the human, the blood group antibodies, 
certain abnormal red cell antibodies, and part 
of the Wasserman antibodies have been 
thought to be localized in ithe 19 S fraction of 
y globulin. The possibility is raised that 
these and perhaps other antibodies are rich 
in carbohydrate. The increased carbohydrate, 
particularly sialic acid, would influence such 
properties as the isoelectric point and solu- 
bility and might confer unique characteristics 
to such antibodies. 

The absence of detectable 19 S components 
of the y,-globulin type in the sera of 2 pa- 
tients with agammaglobulinemia was reported 
previously(13). Further observations have 
confirmed these findings although small 
amounts were found in one case where some 
7 S material was also present. These obser- 
vations offer further evidence for a possible 
relationship between ithe heavy components 
under discussion and antibodies. 

Summary. 1. The heavy components (19 
S) have been highly concentrated from nor- 
mal human serum by repeated cycling in the 
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preparative ultracentrifuge. Electrophoresis 
of such preparations has permitted isolaition 
of a high molecular weight y-globulin frac- 
tion. 2. Analyses of this material indicate 
a high carbohydrate content with hexose 
sugars and sialic acid present at approxi- 
mately 5 times the concentration found for 
the main 7 S“y-globulin. The hexosamine- 
hexose ratio is approximately 0.5. 3. Mark- 
edly reduced levels were found in the sera of 
4 patients with agammaglobulinemia. The 
possibility that certain antibodies fall into 
the 19 S fraction and are similarly rich in car- 
bohydrate is discussed. 
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Previous studies from this laboratory have 
shown that a rapid “‘explosive-like” oxidation 
of acetate occurs in the extrahepatic tissues 
(1). To investigate the pathway of terminal 
oxidation of acetate, the ability of C™ acetate 
to be oxidized in the presence of malonate, a 


* This investigation was supported in part by re- 
search grant from the N.I.H., U.S.P.HSS. 


competitive inhibitor of succinic dehydroge- 
nase, was tested. This procedure, which has 
been successfully applied to im vitro studies 
(2,3) and which has been reported effective 
in whole animal experiments(4,5), proved to 
be non-inhibitory ‘to acetate oxidation at con- 
centrations of malonate that were not lethal 
to the eviscerated animals. Radioactive mal- 
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TABLE I. Effect of Single Injection of Malonate 
on Oxidation of Radioactive Acetate. Results ex- 
pressed as counts recovered in each period. 


Malonie acid administered 
200 mg/kilo 250 mg/kilo 


Period (30 min.) Exp. 511* Exp. 474* 

1 4364. 3350 

2 53891 3350 

3 3293 2925 

4 5031 2925 

5 4563 3020 

6 4648 2640 
Avg 4550 3035 
ii 3219 3120 

8 4421 2860 

9 4632 2500 
10 5263 2600 
iil 4519 2800 
12 5249 3140 
Avg 4560 2837 


* In Exp. 511 the acetate was inj. at rate of 100 
mg/kilo/hr caleulated as acetic acid. In Exp. 474 
tracer doses of acetate were administered. 


onate was therefore utilized to investigate this 
apparent non-inhibitory effect of malonate on 
acetate oxidation. The results obtained are 
reported here. 

Methods. General treatment of animals. 
Non-fasted rabbits were eviscerated-nephrec- 
tomized(6) and maintained at normal blood 
sugar at all times. A tracheal cannula was 
inserted at the ‘time of operation to collect the 
expired CO. for C1 determinations. Proce- 
dure used in determining the effect of malon- 
ate on acetate oxidation (Table I). Carboxyl- 
labeled C'-acetate was administered as the 
sodium salt and free acid (1:1) by constant 
intravenous infusion for 3 hours. At the start 
of tthe fourth hour sodium malonatet was ad- 
ministered intravenously as a single dose. 
The infusion of radioactive acetate was con- 
tinued as before for another 3-hour period 
without interruption. By this procedure each 
animal acts as its own control for acetate oxi- 
dation. In the absence of excess carrier ace- 
taite the rate of acetate oxidation is constant, 
provided that the rate of acetate injection is 
constant. Oxidation of malonate (Table I1). 
C'4-labeled sodium malonate was injected at 

+ Carboxyl labeled Cl4 disodium malonate was pre- 
pared from diethylmalonate purchased from Tracer- 
lab, Inc. Methylene labelled C14 disodium malonate 


was prepared from dicalcitum malonate purchased 
from Volk Radiochemical Co., Chicago, Il. 
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TABLE IT, Oxidation of C“ Labeled Malonie Acid 
after Single Intrav. Inj. Results expressed as mg/ 
ldlo/hr of malonic acid except in Exp. 476 where 
oxidation is expressed as % of inj. counts. Car- 
boxyl labeled malonate was used in Exp. 476, 481, 
478 and 480; and malonate-2-C“ was used in Exp. 


509. 
Exp. No. 
476 481 478 480 509 
‘Amt of malonic acid inj., 
meg/kilo 

Hours Tracer 50 300 685 200 
1 a 7). 18, Bm 
2 8.5 3.4 13.4 ie 3.3 
3 6.5 2.8 1355 2.9 
4 5.9 ae) 8.1 3.5 
5 Bae alles uti 

Total % recov- 29.6 24 105) 8 

ery 
Total intracel- 58 55 60 


lular trans- 
fer of inj. 
dose (%) 


dosage levels (calculated as free acid) given 
in Table II. The expired COs was collected 
each hour for C“ determinations. At the end 
of each experiment a plasma sample from 
each animal was also obtained for the C14 
content. The total intracellular transfer of 
administered malonate was calculated from 
the counts administered and from the counts 
recovered in the terminal plasma samples. 
The extracellular space was assumed to be 
22% of body weight. Volume of distribution 
of injected malonate (Table III). Plasma 
samples were taken at regular intervals after 
intravenous administration of radioactive 
malonate. These plasma samples were oxi- 
dized and the carbon collected and counted 
as BaCO3. 

Results. Effect of malonate administra- 
tion on oxidation of acetate. It is apparent 
from the data in Table I that malonate ad- 


TABLE III. Volume of Distribution of Injected 
Carboxyl Malonate. Results expressed as % of 
body wt (corrected for oxidation). 


Amt of malonic¢ acid 
inj., mg/kilo 
50 


Tracer 300 
Time Exp.476 Exp. 481 Exp. 478 

20 min. 40 20 18 
lhr 20 min. 48 29 21 
2 20 28 28 
2B 20 54 43 
4 20 33 37 
5 20 65 34 
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ministration in doses up to 250 mg/kilo does 
not inhibit oxidation of either tracer or car- 
rier amounts of acetate. 

Oxidation of malonate. The data in Table 
II show that both carboxyl and methylene 
C'4-labeled malonate are oxidized to COs. by 
the eviscerated animal. Rate of oxidation ap- 
pears to be dependent on plasma concentra- 
tion of malonate since the highest oxidation 
rate is found in ‘those animals administered 
malonate at the higher dosage level. It should 
be pointed out that even in the animal with 
the highest malonate oxidation rate, the oxi- 
dation of malonate represents less than 2% 
of total metabolism of the animal. Intracel- 
lular transfer rate, which ranges from 55 to 
60% over the 5-hour period of observation, 
suggests that cell entry is an important limit- 
ing factor in the rate of malonate oxidation. 
Dosages of malonate at 685 mg/kilo and 
higher proved to be quite toxic to the animal. 
This toxicity did not appear to be due to an 
inhibition of the citric acid cycle, but rather 
to the possible binding of metal ions by mal- 
onate. One indication of this was the lack of 
blood coagulation in the eviscerated animals 
treated with malonate. 

Volume of distribution of injected mal- 
onate. The data in Table III show that in- 
jected malonate circulates initially only in a 
volume equivalent to ‘the extracellular com- 
partment. The intracellular transfer rate of 
malonate increases slowly with time. We 
consider the extracellular compartment to be 
about 20-25% of body weight. 

Discussion. It has been shown (Table I) 
that under our conditions malonate does not 
have any apparent effect on oxidation of ace- 
tate to COs by the eviscerated-nephrectomized 
rabbit. The lack of effect of even higher 
doses of malonate on acetate oxidation had 
been noted previously in the intact rat(7). 
The inability of malonate to mhibit acetate 
oxidation can be explained by 2 findings pre- 
sented in this paper. First, volume of dis- 
tribution studies show that cell permeability 
barriers exist for malonate, for approximately 
40-50% of the injected dose is still circulat- 
ing in the extracellular compartment 5 hours 
after malonate administration. Next, oxida- 
tion studies demonstrate that both carboxyl 
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and methylene carbons of malonate can be 
oxidized. Thus, it can be seen that a slow 
rate of malonate entry into the cells coupled 
with its oxidation by the tissues, prevents in- 
tracellular concentration of malonate from 
attaining a level high enough to inhibit a suc- 
cinic dehydrogenase. 

The ability ofthe eviscerated animal to 
oxidize malonate is not surprising. Lifson 
and coworkers(8,9) studying C1? carboxyl 
labeled malonate conversion in the intact 
mouse and rat demonstrated the degradation 
of malonate to carbon dioxide. More recently 
Hayaishi(10) has reported that rat kidney 
homogenates were capable of producing iso- 
topic COs from radioactive malonate. Homo- 
genates from rat liver and muscle, however, 
were found to be inactive. From our results 
it is clear that tissues other than kidney are 
also able to oxidize malonate. 

A finding of particular interest to us is that 
a concentration of malonate much less than 
that normally used to demonstraite malonate 
inhibition in intact animals, was found to be 
lethal to the eviscerated animals. If one as- 
sumes ‘that administration of this compound 
results in a chelation of metal ions, then it 
would appear that the im vivo administration 
of malonate could result in non-specific meta- 
bolic alterations which would allow very little 
experimental value for elucidating metabolic 
pathways. The finding of succinate(5) and 
glucose accumulation(4) by others after mal- 
onate injection could very well be a demon- 
stration of malonate inhibition in the classical 
sense; however, this accumulation may also 
be due to causes other than a strict inhibition 
of succinic dehydrogenase. 

Summary. 1. Oxidation of acetate to COs 
by the eviscerated-nephrectomized rabbit is 
unaffected by malonate. 2. Studies on the 
fate of carbon-14 labeled malonate indicate 
that the intracellular transfer rate of malon- 
ateis low. 3. Conversion of radioactive mal- 
onate to CO. has been demonstrated in the 
eviscerated-nephrectomized rabbit. 4. The 
slow rate of cell entry and subsequent oxida- 
tion of malonate is offered as a possible ex- 
planation for the non-inhibitory effect of mal- 
onate on acetate oxidation. 
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Cultivation of Type 2 Dengue Virus in Rhesus Kidney Tissue Culture.* 
(22692) 


Susumu Horrat AND CHaArtEs A. EVANS. 
Department of Microbiology, University of Washington, Seattle, Wash. 


It was reported(1) that mouse-adapted 
type 1 dengue virus of the Mochizuki and Ha- 
waiian strains multiplied in trypsinized rhesus 
kidney tissue cultures, and produced a cyto- 
pathogenic effect. It was also demonstrated 
that degeneration of infected cells was inhib- 
. ited by type specific anti-dengue immune rab- 
bit serum, thus making possible virus neutra- 
lization tests in tissue culture. In the present 
paper, experiments are reported in which type 
2 dengue virus was cultivated in tissue cul- 
ture. 

Materials and methods. ‘Tissue cultures 
employed consisted of trypsinized rhesus kid- 
ney cells(2). Technical details including 
preparation and incubation of cultures, con- 
stituents of medium, etc., were described pre- 
viously(1). Type 2 dengue virus of the New 
Guinea C strain was received on Jan. 25, 1955, 
from Dr. Edwin H. Lennette in the form of 
20% mouse brain homogenate in 30% nor- 
mal rabbit serum frozen with dry ice. It was 
stated that this material represented the 19th 
mouse brain passage, and that its LD; titer 
was 10°? at time of harvest, Nov. 11, 1953. 
The virus was kept in dry ice chest until used. 
On Feb. 1, 1955, the frozen material was 
thawed at room temperature, and diluted with 


* Aided by contract with Office of Naval Research, 
grants from Eli Lilly Co. and State of Washington 
Fund for Research in Biology and Medicine. 

+ Present address: Microbiological Institute, Kyoto 
University, Kyoto, Japan. 


Hanks’ balanced salt solution. Its infectivity 
was measured by injecting 2 to 3-week-old 
white mice intracerebrally with 0.02 ml of 10- 
fold dilutions. The mortality ratios of in- 
jected mice were 4/4 for the 10 dilution and 
0/4 each for dilutions of 10+ through 10°. 

Results. Serial passage through tissue cul- 
ture: Seven cultures were inoculated with 0.2 
ml of above-mentioned virus diluted 10°. 
After 10 minutes 1.8 ml of culture medium 
was added to each tube. The cultures were 
incubated in the stationary state at 35°C. 
Half or whole volume changes of medium were 
made usually every 2 to 3 days, to keep the 
pH of the fluid phase in the range of 7.2 to 
7.6. Eleven days after beginning of incuba- 
tion a portion of culture fluid was taken from 
each tube and pooled with fluids from other 
similar tubes. 0.2 ml of the mixture was 
then inoculated into new cultures with subse- 
quent addition of 1.8 ml of medium to each 
tube. In this manner serial passages through 
tissue cultures were performed at intervals of 
7 to 15 days. The virus content of the in- 
oculum for each subculture was assayed by 
injecting 0.02 ml of 10-fold dilutions into 
mice. The results obtained are summarized 
in Table I. The specimens used for tissue 
culture passage and virus titration contained 
no agent cultivable on ordinary bacteriological 
culture media. 

The virus was cultivated in this tissue cul- 
ture system for 18 passages during 176 days. 
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TABLE I. Serial Transmission of Type 2 Dengue Virus of New Guinea C Strain through 
Rhesus Kidney Tissue Culture. 
Calculated di- 
lution of orig- 
inal infected 
Cumulative mouse brain 
Passage Mortality ratios of mice inoculated with tissue period of based on pas- 
in tissue culture fluid diluted _ eultivation, sage and me- 
eulture NOs LO? LOge Los Lee Me days dium-change 
1 2/3 1/3” 273 1/3 0/3 0/3 a! LO 
2 3/3 2/3 0735 1/3 0/3 0/3 25 LOS 
3 0/3 0/3 0/3 0/3 0/3 0/3 38 104 
4 2/3 2/3 1/3 1/3 0/3 0/3 50 LOmes 
5 1/3 0/3 2/3 1/3 0/3 0/3 65 107388 
6 2/3 1/3 1/3 0/3 0/3 0/3 74 LOB 
7 0/3 1/3 1/3 0/3 0/3 0/3 81 10-185 
8 2/3 2/3 ys 0/3 0/3 0/3 92 102 
9 1/3 0/3 2/3 0/3 0/3 0/3 100 LO 
10 1/3 2/3* 0/3* 1/3 0/3 0/3 110 1O°732 
18 3/3 2/3 0/3 2/3 1/3 0/3 176 10--t 


* One of the surviving mice showed paralytie signs and recovered. 


t For 1 ID,. in 18th passage. 


One ID; in the 18th passage represented a 
dilution of 10+ of the original infected 
mouse brain homogenate. As reported by 
other investigators(3), mortality ratios of 
mice inoculated with the New Guinea C strain 
virus were erratic. 

Morphological changes: Inoculated cultures 
were examined with ordinary light micro- 
scope. They showed cellular degeneration 
which was indistinguishable from that pro- 
duced by type 1 dengue virus(1). Five days 
to one week after inoculation of virus, the 
cells were dark and spherical. This was fol- 
lowed by their detachment from the glass sur- 
face. After about 2 weeks only a relatively 
small part of the cell population remained. 
After 3 to 4 weeks practically all cells had 
disappeared. It was confirmed again in our 
experiments that uninoculated control cul- 
tures never showed widespread destruction of 
cells; changes resulting from prolonged in- 
cubation were limited. A large population of 
cells of normal appearance remained in unin- 
fected cultures incubated 4 weeks or more. 

Parallel titrations of virus in mice and in 
tissue cultures: The titers of cultivated virus 
were compared in mice and in tissue cultures. 
The inoculum was 0.02 ml for mice by the 
intracerebral route, and 0.2 ml for tissue cul- 
tures containing 1.8 ml of medium. The re- 
sults obtained are given in Table II. In 
these limited tests the highest dilution which 


caused death of mice was greater than that 
producing definite degeneration of tissue cul- 
ture cells. 

Neutralization test in tissue culture: \m- 
mune serum was obtained by injecting a rab- 
bit repeatedly with the New Guinea C strain 
of virus that had been propagated in mouse 
brain and had never been passed in tissue cul- 
ture. The procedure for immunization was 
similar to that used in obtaining amnti-type 1 
immune serum(1). Serum collected from the 
rabbit prior to immunization served as a con- 
trol non-immune serum. The serum was in- 
activated by heating at 56°C for 30 minutes, 
and stored at —10°C until used. Type 1 
Mochizuki and Hawaiian strains of virus and 


TABLE II. Parallel Titrations of Type 2 Dengue 
Virus of the New Guinea C Strain in Mice and in 
Tissue Cultures. 


Dilution of infected tissue 


Passage 
in tissue Inoe. eulture fluid 
culture into* 10° 107 10 10> LO4aOFS oe 
10 Mice 1/3t 2/73 0/3 1/3 0/3 0/3 
Tissue 8/3t 3/3 073 073) O7an073 
eultures 
18 Mice 1/3! 3/3 2/3 073 2/3/37 0/73 
Tissue 3/3 3/3 8/8 2/3 0/73.0/38072 
eultures 


*Tnoculum: 0,02 ml in mice intracer., and 0.2 ml 
in tissue cultures with 1.8 ml of medium, 

+ Numerators indicate No. of mice showing ehar- 
acteristic signs of infection or tissue culture tubes 
showing definite degeneration. Denominators indi- 
cate No. of mice or tissue culture tubes inoculated. 


a 
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TABLE III. Neutralization Tests in Tissue Cultures of Type 1 and Type 2 Dengue Viruses. 


Virus 


Serum* 


Passage ID, for 


in tissue tissue eul- 


Dilution of 
infected tis- Anti- Anti-New 
sue culture Mochizuki Guinea C 


Type Strain culture ture/0.2 ml fluid immune immune Controlt 
1 Mochizuki 43 al Ouse 100-fold 0/5t 5/5 5/5 
Hawaiian 25 LOR is 0/5 5/5 5/5 
2 New Guinea © 18 Og 2 5/5S 0/5 5/5 


* Diluted 1:5 with 0.1% lactalbumin hydrolysate ‘medium, Aliquots of this mixed with equal 


volumes of virus suspension. 


+ Taken before immunization from a rabbit used for immunization against New Guinea C 


strain virus. 


+ Numerators indicate No. of tissue culture tubes showing definite degeneration. Denomina- 
tors indicate No. of tissue culture tubes inoculated. The culture fluid used for changing medium 


included 1% of immune or control serum. 


§ Degeneration of tissue cultures inoculated with mixture of type 2 virus and anti-type 1 
serum was milder than that in control cultures exposed to type 2 virus and non-immune serum. 


anti-Mochizuki immune rabbit serum were 
used to determine heterologous reactions. In 
performing the neutralization tests a given 
concentration of cultivated virus was mixed 
in equal volume with serum diluted 1:5 in 
0.1% lactalbumin hydrolysate medium. After 
incubation at 37°C for 1 hr and at 4°C for 1 
more hr, 0.2 ml of the mixture was inoculated 
into tissue culture tubes with subsequent ad- 
dition of 1.8 ml of medium. Examples of re- 
sults obtained are shown in Table ITI. 


It was demonstrated that the viruses were 
neutralized by the homologous serum, but not 
by the heterologous serum. It appeared, how- 
ever, that the degeneration shown in tissue 
cultures inoculated with the mixture of type 
2 virus and anti-type 1. serum was a little 
milder than that shown in control cultures 
exposed to virus and non-immune serum. 

Summary and conclusions. 1) Mouse-pas- 
saged type 2 dengue virus of the New Guinea 
C strain was cultivated in trypsinized rhesus 
kidney tissue cultures grown directly on glass 
surfaces and incubated in the stationary state 
at 35°C. The virus was maintained in this 
system of tissue culture through 18 passages 
during 176 days. Culture fluid from the 18th 


passage representing a 101° dilution of the 
original infected mouse brain was infective 
for mice. 2) The infected culture cells ex- 
hibited characteristic degeneration indistin- 
guishable from that associated with infection 
of tissue cultures with type 1 dengue virus. 
Infectivity of the virus was neutralized by 
specific antiserum as indicated by the fact 
that the degeneration was suppressed com- 
pletely by homologous immune rabbit serum, 
but not by heterologous serum. It appeared 
that the cellular degeneration produced by 
type 2 virus mixed with anti-type 1 serum was 
a little milder than that produced by the same 
virus mixed with the control non-immune se- 
rum. Although further studies are necessary 
to clarify the antigenic relationships of type 
1 and type 2 dengue viruses, it is possible that 
the reduced degeneration was due to a partial 
neutralization by heterologous antibody. 
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Anaerobic Loss of Endogenous Glycogen in Rat Heart Slices. 


(22693 ) 


James A. BuzArp, Priscitta D. NytcH, FRANK KopxKa AND Mary F. PAvt. 
Research Department Eaton Laboratories, Division, of Norwich Pharmacal Co., Norwich, N. Y. 


In the course of a series of comparative 


studies it was found that rapid depletion of | 


the endogenous glycogen of rat heart occurred 
in vitro under anaerobic conditions. Attempts 
to demonstrate an accumulation of lactic acid 
under these conditions were unsuccessful and 
lactic acid was actually found to disappear 
slowly during anaerobic incubations. A sum- 
mary of typical data appear in Table I. No 
significant concentration of preformed or 7 
minute hydrolyzable reducing substances, py- 
ruvate, acetoin, citrate, volatile acids or 
triose phosphates was found in any time pe- 
riod. Small concentrations of fructose and 
high concentrations of hexosemonophosphatte 
were demonstrated in all time periods. Very 
high concentrations of 5 hour hydrolyzable 
reducing substances of undetermined origin 
were found in all time periods but wide vari- 
ations between individual experiments were 
also found: 898 »g/100 mg (542-1131) at 
zero time, 288 (107-392) at 10 minutes, and 
760 (733-851) at 30 minutes. On the basis 
of these results the following compounds are 
thought to be excluded as end products of the 
observed glycogen breakdown in heart slices: 
glucose, hexose phosphates and diphosphate, 
fructose, glyceraldehyde phosphate and di- 
hydroxyacetone phosphate, pyruvate and lac- 
tate, acetoin, acetate and citrate. 

An attempt was made to evaluate this un- 
usual finding in the whole animal. To simu- 
late the anaerobic in vitro incubations the 
heart was allowed ‘to remain within the chest 
for varying times after the rat was beheaded. 
Under these conditions the endogenous glyco- 
gen of the heart fell rapidly but there was a 
concurrent accumulation of lactic acid, in 
agreement with the usual glycolytic theory 
(Table II). 

The “extra” lactate formed in this system 
probably represents ‘that formed in the ter- 
minal metabolism from the various glycolytic 
intermediates. 


Discussion. A survey of the literature 


failed to reveal a comparable study. In a 
series of reports in 1932-35, Haarman indi- 
cated that glycogen added to heart bret was 
destroyed but that lactic acid was not formed 
(15,16). From our experiences with attempt- 
ing to prepare a heart brei it seems that 
Haarman’s work should be considered a study 
of a variety of isolated soluble enzyme sys- 
tems from heart. Barron, e¢ al.(17) have 
shown that anaerobic glycolysis in rat heart 
slices which have been thoroughly oxygenated 
before incubation leads to an accumulation of 
lactic acid as indicated by chemical analysis 
and COs, production from the buffer. This 
apparent contradiction of our results is prob- 
ably the result of different pre-treattments of 
the slices. In the present study the slices 
were collected in nitrogen-COs-gassed buffer 
rather than in oxygen-gassed buffer. The 
demonstration that hexosemonophosphate ac- 
cumulates in the skeletal muscle of rats killed 
by decapitation or similar means(18), led us 
to believe that hexosemonophosphate was the 
accumulated end product of the observed 
glycogen breakdown. Determination of the 
hexosemonophosphate content of the heart 
slices at the various time periods showed a 
high concentration but no accumulation of 
this intermediate. The possibility that the 
failure of lactic acid to accumulate may re- 
flect the operation of an alternate pathway of 
carbohydrate metabolism, such as_ those 
known for hexose(19) and pyruvate(20), has 
not been investigated. The report(17) that 
lactic acid accumulates as expected when the 
tissue has been thoroughly oxygenated or, as 
here, when incubation of the tissue takes 
place in situ, leaves some question as to the 
physiological significance of such a pathway. 

Experimental. Five- to six-month-old Sup- 
plee white rats of both sexes were used. All 
preparations were carried out at 0-3° unless 
otherwise indicated. 

In vitro incubations: The rats were be- 
headed and the heart removed immediately 
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TABLE I. Disappearance of Glycogen and Lactic Acid In Vitro. 


Hlapsed Glycogen, Lactic acid, 

Sample time,min. yg/l00mg* wzg/100mg COz,, wl/flask 
Pre-equilibration 0 273 (8) 75 (8) 
Post-equilibration 10 138 (4) 57 (4) 

Post-incubationt 40 20 (4) 46 (4) 0 (24) 


* Wet wt. 


t Incubations at 25° or 38°. Data typical of either temperature. Numbers in parentheses 


are No. of separate analyses or observations. 


to an appropriately gassed buffer solution 
(pH 7.4 Krebs Ringer bicarbonate or phos- 
phate (for acetate study) buffers(9)). After 
about 10 seconds the heart was removed, the 
auricles and major vessels trimmed off, and 
0.5 mm slices prepared with a Statdie slicer 
(10). The first slice was discarded and the 
others placed in a fresh gassed buffer solu- 
tion. The slices were blotted dry on filter 
paper and 100-300 mg (depending on the ex- 
periment) transferred to 3 ml of gassed buf- 
fer in standard Warburg vessels. The vessels 
were equilibrated at 25°C or 38°C under 
flowing nitrogen-CO2 (95%-5%) or nitrogen 
(acetate study) for 10 minutes and then in- 
cubated 30 minutes by the standard Warburg 
technic. The reaction was stopped by the ad- 
dition of 0.3 ml 35% trichloroacetic acid 
(TCA) or 0.3 ml 24 N HeSO, (acetate 
study). The flask contents were then homo- 
genized, centrifuged (except acetate samples) 
and the supernatant analyzed. 

In situ incubations: Rats were beheaded 
and the heart removedfrom the chest at the 
indicated time to gassed buffer solution. The 
washed heart was cut in half and one-half 
homogenized in a fresh buffer solution con- 
taining TCA. Lactate analyses were per- 
formed on the supernatant while glycogen 
was determined on the remaining half heart. 

The following analytical methods were em- 
ployed: glycogen(11), lactate(12), glucose 
and reducing substances(13,14,15), fructose 
(16), hexosemonophosphate(17), pyruvate 
(18), acetate(19), acetoin(20), triosephos- 
phates(21) and citrate(22). 

Summary. An anomalous situation has 
been encountered in a study-of the endoge- 
nous carbohydrate metabolism of heart. It 
is believed that this anomaly, the failure of 
lactic acid to accumulate during anaerobic 


TABLE IT. Changes in Glycogen and Lactie Acid 
In Situ. 


Time after 
beheading, Glycogen, Lactic acid, 
min, vg/100mg ywg/100 mg 


% recovery 
(glycogen 
as lactate) 


0 249 84 
2 196 175 
5 196 184 
10 46 306 
30 39 335 119.8% 


glycogen breakdown, may reflect the opera- 
tion of an alternate pathway. 


1. Umbreit, W. W., Burris, R. H., and Stauffer, 
J. F., Manometric Techniques and Tissue Metabolism, 
2nd Edit. Burgess Publishing Co., Minneapolis, 1949, 
pl19. 

2. Stadie, W. C., and Riggs, B. C., J. Biol. Chem., 
1944, v154, 687. 

3. Good, C. A., Kramer, H., and Somogyi, M., 
ibid., 1933, v100, 485. 

4. Potter, V. R., editor, Methods in Medical Re- 
search, v1, Yearbook Publishers, Inc., Chicago, 1948, 
p345. 

5. Nelson, N., J. Biol. Chem., 1944, v153, 375. 

6. Somogyi, M., ibid., 1952, v195, 19. 

7. Umbreit, W. W., Burris, R. H., and Stauffer, 
J. F., op. -cit., p18s8. 

8. Roe, J. H., Epstein, J. H., and Goldstein, N. P., 
J. Biol. Chem., 1949, v178, 839. 

9. Con, G. Ty, and Cori,.C. F., zbid.; 1932, v94; 
561. 

10. Koepsell, H. J., and Sharpe, E. S., Arch. Bio- 
chem. Biophys., 1952, v38, 443. 

11. Serlin, I., and Cotzeas, G. C., J. Biol. Chem., 
1955, v215, 263. 

12. Westerfeld, W. W., zbid., 1945, v161, 495. 

13. Sibley, J. A., and Lehninger, A. L., ibid., 1949, 
v177, 859. 

14. Natelson, S., Pincus, J. B., and Lugovoy, J. K., 
ibid., 1948, v175, 745. 

15. Haarman, W., Biochem. Z., 1932, v2 

16. Haarman, W., and Brink, H., ibid., 
419, 


103. 


25; 
1935, v282, 


@ chase ec = 


Hie 


4 


> ae 


» 


fre sa. 


158 


17. Barron, E. S. G.; Sights, W. P., and Wilder, 
V., Arch. exp. Path. u. Pharmakol., 1953, -v219, 338. 

18, Cori, C. F., and Cori, G. T., J. Biol. Chem., 
1931, v94, 581. 

19. Cohen, S. S., in Chemical Pathways of Metabo- 
lism, (D. M. Greenberg, Editor), Academic Press Inc., 


NALORPHINE vs. NARCOTIC OVERDOSAGE 


New York, 1954, vl, pp173-234. 
20. Groth, D. P., LePage, G. A., Heidelberger, C., 
and Stoesz, P. A., Cancer Research, 1952, v12, 529. 


Received August 27, 1956. P.S.E.B.M., 1956, v93. 


Effect of N-Allylnormorphine Upon Massive Doses of Narcotic Drugs. 
(22694) 


CHARLES A, WINTER AND LARS FLATAKER. 
Merck Institute for Therapeutic Research, West Point, Pa. 


Although N-allylnormorphine (nalorphine) 
is an effective antagonist against a wide spec- 
trum of pharmacological actions of opiates 
(1,2), and has proven to be clinically useful 
in cases of narcotic overdosage(3-6), Kop- 
panyi and Karczmar(7) did not succeed in 
saving mice from lethal doses of morphine by 
single injections of nalorphine. On the other 
hand, Unna(8) reported that nalorphine in 
divided doses reduced mortality in mice re- 
ceiving 800 mg/kg of morphine, and Gruber 
(9) showed that even a single dose of the an- 
tagonist was protective against morphine sul- 
fate up to 800 mg/kg if the ratio of the two 
drugs was properly chosen. 

The present experiments demonstrate a dif- 
ference in the protective effect of nalorphine 
against lethal doses of various opiates and a 
species difference in the responses. 

Experimental. Preliminary experiments 
were performed in rabbits receiving meperi- 
dine hydrochloride by slow intravenous injec- 
tion. The dose of meperidine used was 25 
mg/kg, except in two rabbits in which severe 
convulsions forced discontinuance of the in- 
jection at 15 and 20 mg/kg, respectively. The 
results (Groups I-III, Table I) show that nal- 
orphine, administered subcutaneously 30 
minutes before the opiate, was in no case 
successful in preventing convulsions. In each 
case where death occurred, respirations ceased 
at about the same time convulsions set in. 
Respirations were maintained, however, in the 
meperidine-injected rabbits pre-treated with 
10 mg/kg of nalorphine (Group III). In 
these, the convulsant action of the opiate 


persisted for 4 to 10 minutes, and the animals 
then recovered. Two animals (Group IV) 
receiving the anticonvulsant agent, phenobar- 
bital, in addition to nalorphine exhibited nei- 
ther convulsions nor grossly visible respiratory 
depression when 25 mg/kg of meperidine was 
injected. 

These preliminary observations in rabbits 
suggested that nalorphine antagonized the 
respiratory depressant effect of the opiate 
without markedly influencing the convulsant 
activity. In Group III, sufficient nalorphine 
was administered so that respiration did not 
stop and the animals survived, but the con- 
vulsions were as severe as in the previous 
groups. It appeared, then, that convulsant 
activity might be one effect of opiates that 
nalorphine would not antagonize. In order 
to ‘test this further, experiments were con- 
ducted an mice ‘and rats. 

For these experiments, male IS32 mice of 
about 20 g body weight ‘and male Holtzman 
rats of about 130 g were employed. Table II 


TABLE I. Effect of N-Allylmormorphine upon 
Conyulsant and Lethal Effects of Intravenous 
Meperidine in Rabbits. 


No.of No.con- No. sur- 


Group Antidote animals vulsing yiving 
I None 2 om 0 
II Nalorphine, 2 2 0 
1 mg/kg 

It Nalorphine, + 4 4 
10 mg/kg 

IV Nalorphine,10mg 2 0 2 


/kg + pheno- 
barbital, 100 


mg/kg 
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TABLE II. Protection of Mice by Nalorphine Hydrochloride against Lethal Doses of Mor- 
phine or Methadone. 


Morphine sulfate-———_, 


——Methadone hydrochloride—_, 


No. dead/total 


No. dead/total 


Dose, Without With Dose, Without With 
mg/kg nalorphine  nalorphine* mg/kg nalorphine nalorphinet 
350 6/10 0/10 25 3/10 0/10 
440 7/10 2/10 29.5 7/10 0/10 
555 7/10 1/10 35 8/10 0/10 
700 10/10 5/10 41 8/10 0/10 
50 9/10 0/10 
70 10/10 2/10 


* Nalorphine HCl dose: 25 mg/kg, repeated at %4- to 1-hr intervals until total of 225 mg/kg 


had been given. 


t Nalorphine HCl dose: 10 mg/kg 15 min. before methadone, repeated 1 hr and 6 hr after 


methadone. 


demonstrates that, contrary to the findings of 
Koppanyi and Karczmar (Joc. cit.), adequate 
doses of nalorphine offer considerable protec- 
tion to mice receiving lethal doses of mor- 
phine. It is evident, however, that nalorphine 
is more effective against methadone than 
against morphine in mice. One difference 
was observed between ‘the mice receiving mor- 
phine and those receiving methadone: These 
high doses of morphine produced convulsions 
in the animals, while methadone did not. The 
results are therefore consistent with the find- 
ing in rabbits that nalorphine is less effective 
against convulsions than against respiratory 


depression. 

Codeine phosphate and prisilidene hydro- 
chloride are convulsant drugs at toxic dose 
levels in mice, but not in rats. In the latter 
species, hypnosis, catalepsy and respiratory 
depression are the prominent effects of toxic 
doses of these drugs, and convulsions do not 
develop except terminally (probably asphyx- 
ial in origin). In Table III, it is shown that 
rats, but not mice, are easily protected by 
nalorphine against lethal doses of these drugs. 

Another experiment ‘therefore was per- 
formed in which an anticonvulsant drug was 
included. Forty mice were divided into 4 


TABLE III. Species Difference in Response of Rats and Mice to Nalorphine Hydrochloride 
when Given Lethal Doses of Codeine or Prisilidene. 


r Mice ~\ rc Rats — 
No. dead/total No. dead/total 
Dose, Without With Dose, Without With 
mg/kg nalorphine _nalorphine* mg/kg nalorphine nalorphinet 


A. Codeine phosphate 


300 3/10 3/10 
330 3/10 4/10 
363 2/10 9/10 
400 9/10 10/10 


500 7/10 0/10 
700 5/ 5 0/ 5 
1000 5/ 5 0/ 5 


% Nalorphine HCl dose: 25 mg/kg immediately before codeine, repeated Y% hr later. Death 


occurred before a third dose could be given. 


+ Nalorphine HCl dose: 25 mg/kg % hr before codeine, repeated 1 hr and 4 hr after co- 


deine, 


B. Prisilidene hydrochloride 


- Mice = cr Rats SN 
50 0/10 0/10* 40 5/5 0/5t 
72 1/10 2/10 60 4/5 0/5 
104 7/10 5/10 80 5/5 0/5 
150 9/10 10/10 


* Nalorphine HCl dose: 25 mg/kg repeated at Y-hr intervals toa total of 200 mg/kg. 
t Nalorphine HCl dose: 25 mg/kg—no repetition. 
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TABLE LV. Effeet of Combination of Anticonvul- 
sant Drug and Nalorphine in Mice Receiving 
Lethal Dose of Codeine. 


Effect of co- 
deine PO, 
(450 mg/kg) 


No. animals 


No. of Con- 
Group animals Pretreatment vulsing Dead 
I 10 Phenobarbital Na, 2 9 
50 mg/kg 
Il 10 Nalorphine HCl, 10 8 
50 mg/kg 
TIL 10 Combination iL 1 


LNG 10 None 10 10 


groups, with drugs injected subcutaneously as 
follows: J. Phenobarbital sodium 50 mg/kg. 
IT, Nalorphine hydrochloride 50 mg/kg. J//. 
Both phenobarbital and nalorphine, each 50 
mg/kg. JV. Uninjected controls. One-half 
hour later, the animals received codeine phos- 
phate 450 mg/kg, a dose slightly above the 
LD,99 according to the data in Table IIT. 
The results of ‘this experiment are shown in 
Table IV. It is apparent that phenobarbital 
alone controlled ‘the convulsions in most of 
the mice, but did not prevent death. Nalor- 
phine alone failed to control the convulsions, 
and saved the life of only 2 of 10 mice. When 
both nalorphine and phenobarbital were 
given, convulsions and death were prevented 
in 9 of 10 animals. 

Discussion. It appears from these experi- 
ments that not all of ‘the effects of opiates are 
equally well inhibited by nalorphine. One ef- 
fect in particular seems to be poorly antag- 
onized, and that is the convulsant action. The 
tendency of narcotic analgesic drugs to pro- 
duce convulsions varies among drugs and 
among species. For example, large doses of 
morphine are convulsant in some species, but 
convulsions are rare in man(10). Our results 
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indicate that codeine and prisilidene are 
highly convulsant for mice, but not for rats. 
If one assumes that nalorphine competes with 
morphine-like drugs at their sites of action, 
it is possible that it has less affinity for sites 
responsible for convulsions than do the con- 
vulsant opiates. 

Summary. Nalorphine is an effective anti- 
dote for doses of opiates which would other- 
wise be lethal, in those instances where signs 
of depression are the dominant toxic mani- 
festations. It is relatively ineffective, how- 
ever, in those instances where convulsions are 
a prominent feature. In rabbits and mice re- 
ceiving convulsant doses of meperidine, co- 
deine or prisilidene, nalorphine alone was sel- 
dom life-saving, but administration of both 
phenobarbital and nalorphine adequately pro- 
tected the animals. Codeine and prisilidene 
did not produce convulsions in rats; nalor- 
phine alone was an effective antidote in these 
instances. 
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Cyclic Variation in the Mule Deer Thymus.* 


Lupvic G. BROWMAN AND Howarp S. SEars. 
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(22695) 


(Introduced by W. Etkin.) 


Department of Zoology, Montana State University, Missoula. 


A series of fawn, yearling, and adult female 
mule deer (Odocoileus hemionus hemionus) 
was collected on the National Bison Range, 
Moiese, Mont. for purposes of studying the 
reproductive cycle of the female mule deer. 
Specimens of each of the 3 age groups were 
killed each month between Aug., 1953 and 
Sept., 1954. Measurements, tissue weights, 
and tissue preservation were made in the field. 
One of the tissues routinely measured, and 
portions preserved, was the bilobed thymus 
gland. 

Method. The female deer were hunted, 
shot, and autopsied on the open range. All 
measurements were made on the fresh thy- 
mus in situ, each lobe being measured sepa- 
rately. The length, width at the middle, and 
the thickness in the center transections were 
taken with a celluloid rule. A portion of each 
gland was removed and preserved in Bouin’s 
fixative. No histological study of this ma- 
terial has been made to date. The volume of 
each gland was calculated by assuming the 
gland to be an elliptical spheroid. The cal- 
culated volumes of the 2 lobes were averaged 
and divided by the total body weight of the 
animal to obtain the thymus volume/body 
weight ratios used in Fig. 1. The curve of 
the thymus volume/body weight represents 
the combined average values of the three age 
classes for each month. The total number of 
animals used was: 22 fawns, 22 yearlings, and 
26 adult female mule deer. 

Results. All 3 classes exhibited the same 
type of annual thymus volume cycle, although 
the fawns had the highest value of the 3 age 
classes for the late spring-early summer 
months. The pregnant adult does had the 
least high value of ‘the 3 age classes for that 
time of year, and the yearlings had inter- 
mediate values. All 3 age classes were equally 


* This investigation was made possible through 
the cooperation of the U. S. Fish and Wildlife Serv- 
ice, the Montana Fish and Game Department, and 
the Montana Cooperative Wildlife Research Unit. 


low during the winter months whether they 
were pregnant or non-pregnant. 

The thymus gland is commonly used as 
an indicator of systemic stress(1), but it 


“seemed conjectural to us whether or not in 


this case the thymus gland could be used as 
an indicator of systemic stress. The annual 
variation in thymus gland volume might well 
represent stress factors of high temperatures 
and “burnt up” vegetation in the summer 
months, and cold temperatures and difficulty 
of obtaining feed in the snowy winter months. 
The slower recovery of thymus volumes in the 
yearlings and adults in the early spring can 
be attributed ‘to placental hormones from 
December to June. Non-pregnant fawns had 
thymi with values as low as the pregnant 
yearlings and adults during December, Janu- 
ary, and February. 

The data also permit the hypothesis that 
light stimulates the production of a thymo- 
tropic hormone via ‘the pituitary gland. This 
hypothesis seems as reasonable as that of 
stress when the close correlation is noted be- 
tween the average monthly hours of daylight 
and the thymus volume/body weight curves, 
(Fig. 1). Also there was no indication of an- 
nual adrenal cycle in weight, volume, or cor- 
tex-medulla ratio which is believed to be in- 
timaltely involved in any symptoms of sys- 
temic stress. 

The apparent relationship of the thymus 
volume in the mule deer to climatic conditions 
revealed in this study warrant the attention 
of other investigators. This is particularly 
appropriate since circumstances prevent the 
present authors from immediately following 
up the ramifications of the problem on either 
domestic, laboratory, or game animals. 

Summary. Thymus glands from a series of 
fawn, yearling, and adult female mule deer, 
collected on the National Bison Range, 
Moiese, Mont., varied in volume with the 
season. The thymus reached its lowest vol- 
ume during the winter months (Dec.-Feb.) 
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FIG. 1. Annual weather cycle, and thymus volume of female mule deer, National Bison Range, 


1953, 1954. Avg monthly day length, 


; avg monthly temperature, 1953-1954, ---—— i 


avg monthly thymus vol/body wt ratios of female mule deer of all age groups, ++++* 


and reached its largest size in all 3 age classes 
during late spring and early summer (May- 
July). All 3 groups exhibited the same type 
of annual thymus volume cycle, although the 
fawns had the highest value of the 3 age 
classes for the late spring-early summer 
months. Pregnant or lactating adult does 
had the lowest value of the 3 age classes for 
that time of year, although these values were 
considerably higher than those of the winter 
months. The data permit ‘the hypothesis that 
light stimulates production of a thymotropic 
hormone probably via the pituitary gland. 


There is very good correlation between aver- 
age monthly hours of daylight and thymus 
volume/body weight curves. Stress factors 
such as high temperatures and “burnt up” 
vegetation in late summer, ‘and cold tempera- 
tures and difficultly available food in snowy 
winter months may also affect the size of the 
thymus. 


1. Selye, Hans, The physiology and pathology of 
exposure to stress. Acta, Inc., Montreal, ‘Canada. 
822 pp, 1950. 
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Obtaining Data by Telephone. A Clinical Evaluation of Hypnotic Drugs. 
(22696) 


STANLEY M. CHERNISH, CHARLES M. GRUBER, JR. AND KENNETH G. KOHLSTAEDT. 
Lilly Laboratory for Clinical Research, Indianapolis General Hospital, Indianapolis. 


The widespread use of hypnotic drugs sug- 
gests that many people require some aid to 
fall asleep. Repeated studies at the India- 
napolis General Hospital using the usual 
doses of various hypnotics have failed not 
only to demonstrate differences among hyp- 
notic agents but also between the hypnotics 
and placebo. This paper presents our experi- 


ence with telephone reporting. 

Method. Tablets of Ethinamate (Valmid), 
Glutethimide (Doriden), Methyprylon (No- 
ludar), and secobarbital sodium (Seconal So- 
dium) containing 500 mg, 500 mg, 200 mg, 
and 100 mg, respectively, were used. En- 
velopes containing one or 1% tablets of these 
hypnotics or placebo were given to patients 
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TABLE I. Reported Time Lapse Prior to Onset of Sleep. Condensed form of data used in 
analysis. (Numbers in body of table refer to No. of reports in each category.) 


Tablets Tablets Tablets Tablets Tablets 
Onset Placebo Seconal Valmid Doriden Noludar 
in min. i II st ia I II if IL it II 
0- 30 9 13 Wi 18 13 15 13) 14 16 9 
31- 60 9 4 6 5 3) 6 i 12 7 i 
61-120 5 i 3 2 9 6 4 1 2 6 
121-480 4 3 1 2 0 0 # 


receiving out-patient care. These envelopes 
were coded and directions as to order of ad- 
ministration given to the patients. , The order 
of administration was also noted on the report 
form. The medications were given in a 
planned order so that randomization was ob- 
tained. Each morning the patients called the 
hospital to report the results of the previous 
night. Any of several persons answered the 
telephone and recorded the data. The ques- 
tions were: The envelope number, the num- 
ber of tablets taken, how soon they fell asleep, 
how long they slept, how well they rested, 
whether they were dizzy or drowsy when they 
awoke, whether they liked the medications 
and whether it helped them to sleep. Any 
other statements relating 'to the medication 
were also recorded. Afiter the first 2 or 3 
calls, some of the patients discontinued call- 
ing. They were called the same day to obtain 
their report and learn their reason for not 
calling. Following this show of interest on 
the part of the investigators, most of the pa- 
tients did not fail again. Despite the many 
diversions which occurred, it was thought that 
adequate and accurate records had been ob- 
tained from 16 patients. These 16 patients 
completed the series, some several times, for 
a total of 27 complete reports on each medica- 
tion at each dose. 

Results. In the analysis of the data equal 
emphasis was placed on each of the 27 com- 
pleted series of treatments. Since each series 


included the administration of each of 5 drugs 


at 2 doses, 270 daily reports were obtained. 
In plotting the curve for the onset of sleep 
(Table I) a skew distribution was observed. 
Transformation to logarithms, therefore, pre- 
ceded variance analysis. Variance analysis 
indicates that sleep was significantly more 
prompt when hypnotics were used than when 
placebo was given. The differences among 
the drugs and between the 2 doses were not 
significant. 

Analysis of the data on the duration of 
sleep (Table Il) indicates significant hetero- 
geneity among the hypnotics but placebo was 
not significantly different from the over-all 


hypnotic effect. This was an unexpected ef- 


fect which on a clinical basis was illogical. 
Therefore, any comparison of the duration of 
sleep was not considered valid. 

Analysis as to the number of times awak- 
ened, side-effects, and other data demon- 
strated no significant differences among the 
hypnotics, between \the hypnotics and placebo, 
or between the two doses of drugs(1). 

Discussion. By using adequate doses, dif- 
ferences among hypnotic drugs can be demon- 
strated in animals(2) and men(3,4). In 
these studies both the onset and duration of 
tthe central depression was measured. It was 
assumed that patients who had difficulty get- 
ting to sleep were capable of recognizing the 
effects of any drugs which enabled them to 
achieve the sleeping state more promptly. 


TABLE II. Reported Durations of Sleep. Condensed form of data used in the analysis. (Num- 
bers in body of table refer to No, of reports in each category.) 


Tablets Tablets 

Duration Placebo Seeconal 
in hr I CHE I II 
0-4 5 2 a 3 
4,5- 6 10 5 5 4 
6.5- 8 9 15 7, 14 
8.5-12 3 5 3 6 


Tablets Tablets Tablets 
Valmid Doriden Noludar 
I Il a II if 1H 
2 2 5 1 5 6 
11 8 + 7 2 8 
12 14 17 14 abr 10 
2 3 B 5 3 3 
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Patients were able to recognize a more rapid 
onset of sleep with hypnotics than with pla- 
cebo. Unless ithe hypnotics were long acting 
and produced a “hangover” no after effects 
would be expected and none were noted. 

Conclusions. 1. The onset of sleep is more 
prompt when usual ‘therapeutic doses of hyp- 
notics are administered to patients. 2. Dura- 
tion of sleep and incidence of undesirable ef- 
fects produced by Seconal, Valmid, Doriden, 
and Noludar were not significantly different 
from those produced by placebo. 


TELEPHONE SEDATION STUDY 
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